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Part I 
Resplxatory Hesponees of Adult Orthoptera 
to Certain Gases 
-.5-
INTHODUOTION 
The change in the volume of air that enters the 
tracheal system of an insect when it is exposed to toxic 
gases might well be considered in fumigation and in many 
spraying and dusting operations. 
The oxygen consumption and carbon dioxide 
production of insects under varying conditions have often 
been investigated. However, these phenomena may, under 
certain conditions, be quite independent of the total 
volume of air taken into the tracheal system. In the case 
of some toxic gases the lethal effect may not be due to any 
interference with respiration directly but rather it may 
effect respiration only as a result of the destruction of 
the tissue. In such a case it would be desirable to know 
not only the changes in oxygen consumption and carbon 
dioxide production but also any changes in the total volume 
of air that passed into the tracheal system. If air 
permeated with a toxic gas is excluded from the tracheal 
system of an inseot that gas would probably appear much less 
toxic than another gas pf equal toxicity which stimulated 
the movement of air into the tracheal system^ 
In order to determine the effect of certain gases 
on the amount of air taken into the tracheal system a method 
of measuring thG tracheal-ventilation was devised, and the 
effect of certain gasBs was studied. 
The method is adapted to the otudy•of the effect 
of various gases on the rate and ajaount of air movement 
into and out of the tracheal eystem. It may also toe used 
to study the effect on the insect of passing various gaeee 
through the tracheal system and also to study the gain or 
loss of the constituents in a gas mixture whioh has passed 
through the tracheal syotea. 
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REVIEV/ OF LITSRATURB 
The effect of gases on the respiratory movemente 
of insects Isras studied by Walling (1906). She observed 
that an atmosphere of OOg stopped the respiratory movements 
of grasshoppers, but that the inseots recovered if placed 
in air after as long as two days' confinement in the gas. 
The respiratory movements of Dlxii-ipue morosue were 
observed by Buddenbrock and Rohr (1922). They found that 
the rate increased irregularly at various concentrations of 
OOg up to about thirty percent. Hazelhoff (1920) in tests 
with resting Perlplaneta americana discovered that two 03f 
three per cent OOg opened the spiraoular valves, and seven 
per cent or ten peri cent OOg initiated respiratory 
movements. In the work of Brinley and Baker (1927) it Is 
stated that methyl acetate will keep the spiracles of 
Melaao'PluB differentialls open in an atmosphere of HON. 
In studies with May beetles, Demoll (1927) reports that 
they were killed sooner when the head and thorax were 
exposed to chloxine than when only the abdomen was exposed. 
The Inhalation and exhalation of air by the 
respiratory raovejaaenta of inseoti? have been studied by a 
number of workers. According to Krogh (1920) a Pvtiscua 
larva exhaled about two-thirds of the air in the large 
longitudinal "respiratory" tracheae at each exhalation. 
Lee's (1925) experiments show that grasshoppers inhaled air 
normally through the first four pairs of spiraoles, two 
pairs on the thorax and the first two pairs on the abdomen, 
and used the remaining spiraoles on the abdomen in exhalation. 
MoArthur (1929) observed that while normally grasshoppers 
breathed in the manner described above, it was possible for 
a grasshopper to exist for ooaiparatively long periods of 
time with but a single pair of spiraoles open, Qtahn (192S) 
measured the volume of air exlialed by a single breathing 
movement of Dlxipms morosua and observed that it varied 
between 0,15 o.nua# and 2.00 o.mm. Many other workers have 
investigated the problem of the meohanioal ventilation of 
the tracheae and air sacs in insects. 
MTiCRIALS AHD iffiTHODS 
The apparatus as illustrated in Figure I ooneiets 
of two closed chambers, A and vvhioh are connected "by a 
tube ][j into wliioh the ineeot is sealed BO that any air 
passing from one chamber to the other must pass through the 
tracheal system of the insect. The horizontal capillary 
glass tubes, and B', attached to each chamber, are each 
closed by a column of water about two or three centimeters 
long. These columns of water are free to move in either 
direction in the tubes. Metric rulers are attached to cap­
illaries A' and B' to facilitate the measurement of the 
movement of the water oolumnB. By the use of a manometer it 
was determined that if the capillaries used v/ere about thirty 
centimeters long, clean and moist, and the water oolumn near 
the center, an increase or decrease of one ten-thousandth 
(1/10,000) of an atmosphere in the pressure within the chamber 
would initiate a slow movement of the water oolumn in the 
capillary tube. Rapid movements such as often occur during 
the most active respiratory movements of a grasshopper 
require a change in pressure of about one five-thousandth 
(1/5,000) of an atmosphere. With a capillary tube of 
between one and two millimeters bore a change in the volume 
of the contents of either aide of the apparatus of ona oubio 
millimeter oan be observed# Further, it is possible with 
this apparatus to maintain the air pressure in each of the 
two chambers in contact v/ith the insect to within one ten-
thousandth of the pressure of the surrounding atmosphere 
during any changes in the volume of air in either or both 
ohambers within the limit of the capacity of the moist 
portion of the capillary tube and the volume of the pipette, 
^ or b, attached to the chamber* Each of these pipettes is 
connected by a rubber tube to a reservoir, or 
containing water. These reservoirs open to the atmosphere 
by a long glass tube and are held in place by sorevr eyes 
driven into the aide of the rack as shown in the figure. 
They oan be raised or lowered by turning the handles, |i,. 
If the handle connected with reservoir by a cord is 
turned so that the reservoir is raised the water will flow 
from it into pipette ^ through the rubber tube ooimeeting 
them. In this manner the total voluttie of air the 4 side of 
the sipparatuB oan contain is decreased. If the reservoir 
is lowered, the water will flow into it from pipette a and 
the volume of air the side of the apparatus oan contain 
Is increased. By repeated adjustment of the water level in 
pipette ^  so that the water column is kept about the center 
of the oaplllary tube A' a large change in volume in chamber 
^ oan be permitted without an increase or decrease in the 
pressure in tii© oltiamber of more than one ten-thousandth 
(1/10,000) of an atmosphere. The aaMe procedure oan be 
followed with the ^  side of the apparatus. By the selection 
of a suitable pipette a test of any duration oan bo obtained; 
however, it is dsBirable to use a pipette of as small 
diameter as possible as this permits more aoourat© readings. 
A short piece of glass tube, 3^ about five or six 
centimeters long that v;ill just slip inside the tube, ^  on 
the part of chamber jB that extends ixito chamber ^  is used 
in sealing the insect into the passage between the chambers. 
On© end of this tube, x, is heated and shaped so that it 
will fit fairly snugly (within about one millimeter on all 
sides) the body of the insect at the juncture of the thorax 
and abdomen. The tube that has once been properly shaped 
may be used repeatedly for insects of the same eiac and 
shape, 
Kaoh charaber is provided with tv:o glass stop-»ooolcs 
which were used to introduce gases and liquids into the 
ohJimbers or to make the initial s^djustment of the volume of 
air enclosed within the apparatus at the beginning of a test. 
The rack R upon which the apparatus was mounted 
consisted of two wooden frames held together by an iron rod 
^ and three hooks, h. 'The iron rod JJ. was slipped through 
—IS-— 
"both parts of the raok allowing them to be moved separately 
BO that after an insect was placed in tub© x sides 
of the rack with tho apparatvis att0,chod could b© moved 
together to close chamber 4. Ohajaber ^  was closed by a 
ground glase ;)oint where it slipped over the end of chamber 
B JuBt ba-ck of tube Ohamber B was closed by a ground 
glass stopper The rod i vras used to suspend the 
apparatus in a water bath. The apparatus was hold in place 
on the rack by heavy irubber bands. A rubber band was used 
to hold chambers 4 and g, together cmd stopper £ in place. 
The siTiall rubber bulbs • and were used to 
adjust tho water coluims in tho oeipillaries to the desired 
positions at the beginning of a test. 
•M 
a-
FIG. 1. An Apparatus for Measuring Tracheal Ventilation in Insects. 
A,—A chamber that encloses the liead and thorax of the insect. B.—A 
chamber that encloses the abdomen of the insect. A' and B',—Capillary tubes 
closed by water columns. A" and B".—Rubber bulbs, a and 6.—25 cc. pipettes. 
<i' and b'.—Adjustable reservoirs connected with pipettes a and b. S,—A ground 
glass stopper. H.—Handles used to adjust reservoirs a' and b'. R,—The two 
parts of the wooden rack the apparatus is mounted on. J.—An iron rod. h.— 
Hooks tliat hold the two parts of the rack together, y.—A tube that opens into 
chambers A and B, s.—A short piece of tube with the insect sealed inside it with 
beeswax and the tube, itself, sealed inside the tube y with vaseline. 
Figinre I 
MoOovraa (1931) 
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Adult female grasshoppers, Chortophaga. viridi-
fasclata DeQeer, Arphla sulfurea Fab., Dissosteira Ccixoltna 
Linne, ?Hlelanoplue blvlttatus Say, Melanoiplus differenliialls 
Thomas, and Hipiplous.speoies imdfetermined, were used as 
experimental speoimens. The abdomen of the insect was 
thrust into the tube x until the bases of the hind legs 
touohed the end of the tube. The end of the tube that had 
been shaped to fit the insect's body was in this manner 
brought to encircle the insect at the juncture of the thorax 
and abdomen. The inseot was sealed to the end of the tube 
by applying small drops of melted beeswax (about two 
milligrams) to the edge of the tube and allowing them to come 
in contact with the integument of the insect as they 
solidified. The inseot was held securely in the end of the 
tube during this operation. The quantity of heat contained 
in such small drops of melted beeswax was not sufficient to 
injure the grasshopper appreciably. In this manner the 
posterior edge of the thorax and part of the anterior edge 
of the abdomen were sealed to the end of the glass tube 
The wax usually closed the tympanic spiracles. The tube with 
an inseot sealed in the end was then filled with water and 
held with the inseot downward to detect any leaks. If the 
seal was perfect, the water was removed from the tube and the 
inseot allowed to remain quiet for, at least, forty-five 
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minutes. This period permitted the initial excitement of "being 
confined in the tube to v/ear off. The short piece of tube 
X was then sealed with petroleum jelly inside the tube JL-
Chamber ^  was closed by moving the two parts of the apparatus 
together until an air tight seal was formed by the ground 
glass joint betv/een charnbere 4 and 
The Bucceos of the test depended upon the insect 
being sealed perfectly into the tube that oonneoted A and B. 
To teat the oeal the stop-cooks were closed on both the 
chambers and the pressure increased slightly in 4* The 
pressure in either chamber oould be increased by raising the 
level of the water in the pipette oonneoted with it or 
decreased by lowering the level of the v/ater in the pipette. 
If an increase in the pressure in 4 produced equal movements 
of the water columns in both capillaries and B' air was 
leaking from ^  into B around the insect. If the water 
column in capillary moved tiway from the chamber, but the 
one in capillary B' remained almost stationfiry the seal was 
perfect. A further oheok was wade by increasing and 
decreasing the pressure in B by changing the water level in 
pipette b and observing the results. Oare was taken not to 
apply too much pressure to ^  or B as this would have blown 
the water column out of the oppillary tube. 
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V/hen a perfect seal had "been obtained the entire 
apparatus mounted on the rack was ImiuerBed in a water "bath 
and allowed to remain fifteen minutes to assume the 
temperature of the bath. The water columns in the 
capillaries 4' S.' and the level of the water in pipettes 
^ and b were then adjusted to the desired positions with the 
stop-oooks on both chambers open. After the closure of all 
the stop-cooks the readings on the oapillaries and pipettes 
were recorded ;and the test started. The closure of the 
stop-oooke enclosed a definite volme of air within the 
apparatus. This air could be moved from one chamber to the 
other by the respiratory movements of the insects, but the 
total voliime of air within the apparatus remained constant 
unless more or less oxygen was used by the insect than the 
aigiount of carbon dioxide given off, or changes in atmospheric 
pressure occurred during the test. As the grasshopper 
breathed, the water column iH capillary 4' was observed to 
move toward chamber 4 and the water column in oapillary 
was observed to move away from chamber g,. \Vhen the "pratex 
column approached the end of capillary A' the water level in 
pipette a was raised. This procedure forced some of the air 
out of pipette ^  into chamber 4 and capillary moving the 
water column away from the chamber. This operation was 
repeated each time the insect withdrew sufficient air from 
ohamber A so that the water column approached the end of 
capillary nearest chamber A» As the other water oolumn 
approached the end of capillary g.' farthest from chamber g. 
the water level in pipette was lowered. This procedure 
drew air into the pipette from chamber g, and capillary 
so that the water ooluma was moved toward the end of the 
capillary nearest chamber B. As soon as the insect had 
forced sufficient air into chamber B so that the water 
column approached the opposite end of the capillary the 
operation was repeated. In this manner it \vas possible to 
observe small changes (from one to four hundred cubic 
millimeters) in the volume of air in either chamber by 
noting the movements of the water columns in the capillaries. 
The total volume change (up to twenty-five cubic centimeters) 
in either chamber could be calculated from the difference 
between the positions of the water columns in the capillary 
tubes and the water levels in the pipettes from the beginning 
to the end of a test. 
If the apparatus had not been in operation for 30 
minutes or longer before a test was started it was found 
advisable to moisten the walls of the capillaries A* and g,* 
by moving the water columns back and forth across the tube 
three or four times. The rubber bulbs A'' and g,'' were used 
for this purpose. In the upper end of each bulb a small hole 
that could be readily closed with a finger allowed air to be 
either forced into or drawn out of the capillary. In this 
manner the water columns oould be easily moved baok and 
forth in the tube and adjusted to any desired poaition. 
During a test the holes in the bulbs permitted the maintain-
ence of atmospheric pressui'e within the capillary tubes. 
By clamping the walls of the rubber bulbs firmly together 
with a screw clamp it was possible to prevent the water 
columns from being forced out of the capillaries when the 
apparatus was moved or tipped. 
In some tests a standard solution of Ba(OH)g 
was placed in each chamber to absorb the OOg evolved by 
the insect. The excess Ba(OH)g that remained at the end 
of the test was titrated through one of the stop-cocks 
vfith a standard solution of HOI. Phenolphthaloin was used 
as the indicator. 
Chambers ^  and ^  were rinsed with distilled water 
at the beginning of each test. The water was allowed to 
stand in the ohoinbers for a short time to allow tlie air in 
the chambers to become nearly saturated with water vapor. 
The investigations of toxic gases were made by 
introducing known volumes of a known concentration of the 
gas into chamber ^  tlirough one of the stop-cocks. The study 
of the effect of nicotine was made by placing varying 
-19-
ajnounte, as Bhovm in the table, of one hundred per cent free 
nicotine in ohamber ^  so that the grasshopper mjuld inhale 
the vapor. 
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REStlLTS 
A.B previous workers have shown (Lee, I925 and 
McArthur, 1929)> air was principally inhaled into the thorax 
and principally exhaled from the abdomen. Four of the 
specimens studied normally breathed in the opposite 
direction a£3 will be discussed later. 
The first step in this study was to determine the 
normal amount of tracheal ventilation brought about by the 
respiratory movementb of grasshoppers. The results of this 
study are given in Table I, page 122. The average amount of 
tracheal ventilation was 0.22 o.c. of air per minute per 
gram of body weight of the insect. 
The average acioimt of air inhaled into the thorax 
at 2^ degrees Centigrade at a single inhalation by 
Ohortophaaa viridifasoiata was O.OO6 0.0, based on II6 
observations. The maximum amount Inhaled at a single 
inhalation was O.OI5 average of O.OO6 0.0. of air 
was exhaled from the abdomen at a single exhalation by these 
insects. The maximvim ajiiount of air exhaled at a single 
exhalation was 0.011 o.c. 
\Vlien a standard solution of Ba(0H)2was placed in 
eaoh chamber during lb teste at 23® C. it was found theit 
adult female Ohortonhaga viridifasoiata exhaled an average 
of about 20 per cent of the 
and thorax and about SO per 
(21) 
total CO2 evolved from the head 
cent from the abdomen. 
Table I 
Tl^CHEAJj VSHTILATION OF Ohortophage^ ylrldlfasoiata DeG. 
At G. 
Adult Females 
rest OBarometrio Pressure flDuration of feat 
' in mm. of Hg. in Minutes 
1 
2 
I 
i 
I 
9 
10 
II 
12 
73S-6 
737-7 
7fe.l 
7^3.9 
7i{.9.2 
7^1-3.0 
73^ .0 
737.2 
737-2 
737.7 
737.7 
737.7 
7W.2 
7^1-0.2 
74-0.2 
7|!-3.5 
7^ 3.6 
7^ 3.6 
7^ 3.6 
7H-3.6 
7|i-3.6 
7^ 3.6 
7^ 3.5 
7^ 3.5 
7^ 3.f 
7^ 3.^  
7;i-3.3 
7^ 3 • 2 
73^ .7 
m - i  
736.0 
736.0 
735.5 
735-.i 
73^ .0 
733.9 
733.3 
733.1 
727.3 
727.3 
25 
25 
1 
2 
0 
»|.0 
0 
2 
6 
1 
2S 
27 
19 
20 
21 
25 
9 
15 
21 
20 
30 
lit 
24-
20 
20 
2fi 
11 
19 
ii.2 
12 2& 
26 
22 
22 
19 
Total Amount of 
araoheal Venti 
lation in 0.0. 
?! Tracheal Ventilation por Minute per Gram 
Oof Insect in 0,0. 
I 
2.377 3.6ii{-
4.153 
if.021 
3.9SO 
3.9^6 
5.O63 
5.020 
5.ogi^. 
2.g5g 
2.160 
1.ggg 
2.904 
3.076 
3.06ii-
4.S65 
1.974 
3.036 
2.950 
.153 
.2S2 
3.026 
3.961 
3.158 
4.904. 
2.a6i 
2.872 
if. 035 
il-.002 
3.996 
5.040 
3.S5O 
3.0^3 
2.763 
3.775 
3.177 
2.932 
2.962 
3.156 
3.011 
3.113 
0.173 
0.210 
0.1^7 
0.167 
O.lgi). 
0.225 
0.196 
0.226 
0.201 
0.167 
0.175 
0.160 
0.233 
0.235 
0.217 
0.272 
0.306 
0.233 
0.242 
0.275 
0.249 
0.262 
0.291 
0.331 
0.300 
0.261 
0.262 
0.262 
0.199 
0.233 
0.234 
0.202 
0.221 
0.19g 
0.123 
0.1^7 
0.143 
0.174 
0,21s 
0.196 
0,234 
Average 0,222+ 0.045* 
•standard deviation Formula CT" = \ / ad^  
V n«.l 
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In Te-ble II, page 2^, are found the results of 
exposing gras£?hoppors to fifteen per^ cent OOg. This table 
shows that in about two~thircis of the tests the direction 
of the principal air movement through the tracheal system 
was reversed. That is, the air was inhaled principally 
into the abdomen and exhaled principally from the thorax 
after the insect had been confined in fifteen per cent OOg 
for a time. With the exception of four of the sixty-nine 
tests the rate of tracheal ventilation was increased. The 
maximum increase for any period was slightly more than 
twenty times the normal rate. The direction of the air 
movement through the tracheal system after the removal of 
the OOg was observed and found to be normal. The rate also 
returned to approxima-tely normal in every instance. 
Table II 
EFFSOT OF 15 PSE CEWT OOg OH THE TRACHEAL VEKTILATI05 
OF GRASSHOPPERS AT 0. 
Test' 
SO. 
5 Wt. inf Durat ion 
Species! Gas.6of Hoxiaal 
j §Test in 
0 yMin. 
J $ 
Ave. cc. Kor-
isal Tracheal 
Ventilation 
Oper Min. per 
§Gia.of Insect 
I Min. 
[Expos-
ied in 
5cOp 
H 
Ave. cc- of iDirection of Air 
Traclieal ¥en-vMovement Through 
tilation per 5Tracheal System 
|Qi2. per Kin. 5 
iin 15^ GQp 0 
1 
2 
i 
I 
9 
10 
II 
12 
13 
14 
16 
17 
15 
19 
20 
21 
22 
1 
26 
27 
28 
29 
30 
31 
32 
C.V.* 
B 
A. a.' 
G.v. 
A • S • 
G.V, 
A«6s 
A* s.« 
A« S* 
A* s. 
A. s« 
A»S* 
D.c5 
«** 
8 
R 
« 
jD. c. 
It 
n 
H 
H 
a 
D.c. 
li 
a 
ft 
H 
it 
D.c. 
H 
» 
R 
D.c. 
0.75 
0.71 
0,72 
.^•l§ 10*^8 
0.62 
O.gg 
1.03 
0.67 
0.59 
0.85 
0.85 
1.22 
0.^ 
0.92 
0.72 
11.23 
lOg 
If 
3^ 
93 
^9 56 
50 
2B 
46 
96 
79 
26 
52 
27 
0.06 
0.13 
0.12 
0.10 
0.07 
0.01 
o.o^i-
0.02 
0.10 
0.1s 
o.o4 
0.05 
0.25 
o.ig 
0.16 
0.13 
0.2if-
17 
i 
21 
7 
12 
i 
3.5 
3.5 
3.5 
I 
i}-
3 
g 
16 
10 
10 
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51 
5S 
59 
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D.c. 
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tt 
tt 
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If 
H 
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fl 
D. C .  
» 
D. C .  
n 
11 
n 
I0.72 
I 
I 
1 
ii.23 
!o.9^  
1 
i 
11.62 
11.12 
11.60 f  
i 
I 
io.90 
r 
5^ 
27 
32 
31 
2^ 
Ik 
0.13 
0.2li. 
0.19 
o.os 
0.1s 
0.14 
0.60 
£j 
3 
? 
4 
7 
5 
5 
5 
7 
3 
2 
1.5 
2 
2 
6 
3 
I  
it 
1 
n-
2 
2 
7 
2 
2.5 
2.5 
! 
0.76 
0.11 
0.46 
0.66 
0.79 
0.72 
0.73 
0.16 
0.46 
0.62 
o.|5 
0.63 
0.47 
0.64 
0.71 
0.59 
0.5^  
0.31 
0.60 
0.57 
0.45 
0.42 
o.6g 
0.20 
0.64 
0.63 
0.61 
1.12 
0.92 
0.90 
o.g4 
Hoxaal 
Reversed 
II 
« 
. ii 
M 
Sormal 
Reversed 
» 
ti 
. B 
u 
H 
tt 
H 
« 
tt 
If 
tl 
tt 
il^ oxEial 
Heversed 
H 
» 
tt 
K 
« 
B 
II 
ChortoPQaga viridlfasciata Be &esr Note: 
"Arrthia sulghurea Fat). 
The insects wexe all 
active at the end of 
the tests. 
•^DissQsteira Carolina Linne. 
•normal indicates that the air was inhaled into the thorax and exhaled 
from the abdoaiBn. 
'^ '''Ditto loarks 
*viUDtiLe - , 
indica.te that the same insect was used as in tne preceeding 
test. Usually the tests were rim in sequence without removing the 
insect from the apparatus. 
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The effect of one per cent COg as recorded In 
Table III, page 26, was to eliglitly increase the rate of air 
movement in lesB than half of the tests. No instance of the 
reversal of the direction of air movement through the 
tracheal system was ohserved. 
Table III 
EFJ'EOT Qf X PiiR OEfIT OOg OH THE TRAOHEAL VEHTILATIOH 
OF Blssosteira c?irollna L. 
AT 2gO 0. 
I 
Average c»o. pilST ^Average o.c.SDirebtloii of Air T^ rat ion of 
iMoriiial TeetfiHonaal TrachealJISxpo80d}of Tracheal 
in ]^in« Ventilation perOin GOp CVentilation 
piin. per Gm. 05?v 5per Oa. per 
» Ineeot § OMin. in vfa 
§ 0 I OOg 
i_ 1 1 i 
Wt. in 
Grams 
I AO 
11 
)l 
11 
*1 
0.6S 
II 
II 
It 
0.9^  11 
II 
(I 
II 
1.76 
II 
II 
II 
II 
II 
1.03 ti 
II 
II 
iJtovement Through 
Tracheal System 
22 
37 
10 
o»s6 
0 • OS 
0.22 
0.15 
0.69 
H-
3 
3 
2 
2.5 
3^5 
7 
25 
12 
b 
I 
I  
U 
& 
9 
5 
6 
ij-
g 
6 
9 
0.35 
0.49 
0.71 
0.59 
0.521 
0.39 
0.25 
O.Ob 
0.12 
0.20 
0.32 
0.21 
0.22 
O.lg 
0.16 
0.13 
0.13 
0.14 
0.12 
0.17 
0.l4 
0.2a 
0.52 
0.17 
0.32 
0.2^  
Normal* 
11 
It 
II 
11 
II 
ti 
M 
tl 
II 
II 
It 
11 
It 
II 
II 
l( 
» 
It 
II 
II 
II 
tl 
II 
(I 
It 
Mote: 
* 
The insectB r/ere all a.ctive at the end of the tests. 
Normal indioatOB that the air wgb inhaled into the 
thorax and exhaled froja tho aladoiTion. 
•o Ditto marks indioate that the same insect was used as 
In the preoeeding test. Usually the teijts ?;ere run 
in sequence without reraoving the inaeot from the 
apparatus• 
Sub-lethal doses of OS2, (Tests l-y* Table IV, page 
2fj) all produced an increase in the rate of tracheal 
ventilation. Ooncentrations of OSg that rendered the insect 
motionless by the end of the series of tests in most 
instanoes produced a sudden rise in the rate of tracheal 
ventilation followed by a gradual fall as the insect became 
leas and less active. The direction of air movement through 
the tracheal system was not reversed. 
Table IV 
EFFECT OF OS^ OH TRACliSAL ViSHTILATIOH OF ADULT FEMilLS GR4SSH0PP2RS 
Ait)lxla sulrtlmrea Fab. 
ODurs- H C. C»¥ en- Direct ionl) C ondi-
Hion ofltilationfof Air Stion of 
inSper Jain.|Movement Insect 
|per Ga. I Through sat End 
Sin OS2 8Tracheal 5of Test 
I jSvsteffl 
Test^Wt. of 
Ho. [insect 
Hn Gms. 
Duration of I 
Korisal Test! 
in Min. 
1 
2 
1 
I 
II 
12 
13 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
27 
2S 
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30 
31 i 
32 I 
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0.95 8 
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Mia. per G. 
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0.07 
0.05 
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0.09 
0.12 
0.05 
0.07 
0.06 
0.09 
0.01 
1 
3 
5 
10 
10 
10 
s 
g 
s 
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1? 
13 
12 
15 
14 
9 
5 
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10 
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11 
lit 
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Tiie effect of HON ae set forth in Table V, page 30j 
indicates that 0.2 per cent HOM caused a rapid dedl'ease in 
the rat© of tracheal ventilation as the insect was killed 
rapidly. One tenth per cent KOK sooner or. later produced 
a rise in the rate of tracheal ventilation which wfes 
followed by a gradual fall as the insect was stupified by 
the gaa. 
Table V 
EFFECT 0? HGH OH THS TRACHEAL ¥5STILATI0H OF GHASSHOPPSHS 
AT 2g^  G. 
Tests 
So. 5 Species § GsiS. yof lloxisal 
g § ITest in 
 ^ 0 Q Hin. 
§ § I § 
S 
§Wt . inSSuration Tc% 0. Iloraial 
1 
2 
7 g 
g 
10 
11 
12 
ifi-
as 
li5 
iig 
ji5 
120 
121 j22 
H 
2o 
27 
2g 
29 
•zn 
Traclieal 
Yentila-
jtion pex 
Gs.per l«in. 
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n 
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» 
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B.C. 3 
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0.79 
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0.1 
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0.2s 
0.33 
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The nicotine vapor releaoud from 100 per cent free 
nicotine (Table VI, page ^2) did not in most caaos render 
the grasshoppers inactive in the time they were exposed, 
"but one insect died shortly after "beinji; removed from the 
apparatus. In most insto^ioes there was an increase in the 
rate of tracheo.l ventilation which was followed by a 
gradual fall in about half of the grasshoppers observed. 
In one instance there was a reversal of the direotlon of air 
movement• 
Table Vi 
EFFSCT OF mCOTIHE OH THS TRAGBSAL VEl^ 'TILATIOl OF GRASSHOPPSRS 
at 2B° 0. 
fest| fwt 
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BIBOUSSION 
The confinement of the insects in the mannex 
deecxibed did not seem to injure theai* One grasshopper 
which was allowed to remain sealed in the tube for 2k- hours 
fed imiffiediately after it was released. Grasshoppers that 
had been used as experimental animals have been observed to 
lay eggs which later hatched* 
The apparatus as operated in these tests recorded 
only the movement of air completely through the tracheal 
system. In many of the teots, especially with 15 per cent 
OOg, the insects inhaled and exhaled rapidly and deeply, 
but did not produce a correspondingly large movement of air 
into the thorax and out of the abdomen. This was most 
noticeable when the direction of air movement through the 
tracheal system was being reversed. First, the air 
movement in the normal direction would be reduced until it 
stopped entirely, but air was still rapidly inhaled and 
exhaled with each spiracle apparently performing equally as 
inhalatory and exhalatory orifices. After a short period 
of this type of breathing more air began to be exhaled from 
the thorax than was inhaled into the thorax, which was a 
reversal of the normal# 
Four of the speoimens studied normally inhaled 
pxinoipally into the abdomen and exhaled from the thoraxe 
One of these was piirasitlzed by three nearly full-grovm 
larvae of SaroophaR'a mar/;;inata Aid., Order Diptera, another 
was gravid and the two others appeared normal upon 
dieseotioii# 
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SOMIJIARY 
A method I0 deaoribed that oaii be used to measure 
the tracheal ventilation of grasshoppers. Ghortophaga 
vlrldifagoiata DeGeer, Arphia sulphurea Fab., Dissostelra 
Carolina Linne. Melanoplus bivittatus Say, Melanoplus 
dlfferentialis Thomas, and Hippieous. Bpeolee imdetermined 
were the species studied# 
The respiratory movements of the grasshoppers 
produced a streaming movenient of air through the tracheal 
system. The air was inhaled principally into the thorax 
and exhaled principally frojn the abdomen. 
Adiilt Ohorotophaga viridifaeciata females at 
0. passed an average of 0.22 c.c. of air through their 
tracheal system per minute per grain of body weight with a 
minimum of 0.12 00. and a maximum of O.33 c.c. 
Adult Qhorotophaera virldifasciata females 
exhaled an average of 20 per cent of the total OOg evolved 
from the thorax and SO per cent from the abdomen at 23® 0. 
If it can be assumed that all the air exhaled contains the 
same percentage of OOg, it is evident that only part (about 
go per cent) of the air movement vrithin the tracheal system 
of these insects is a through movement in the direction 
given above. 
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In 93 pea^ cent of the teats 15 per cent OOg 
produced an increase in the rate of tracheal ventilation. 
The maJCiiBUiii inorease for any period was slightly more than 
2000 per cent. Seventy-two per cent of the tests showed a 
reversal of the direction of air movement through the 
tracheal system. 
One per cent OOg di<3. not consistently inoreaa© the 
rate of tracheal ventilation nor reverse the direction of 
air movement through the tracheal system in a single 
instance. 
Sub-lethal conoentrations of OSg and nicotine vapor 
usually increased the rate of tracheal ventila-tion. 
High concentrations (0.2 per cent) of HQH produced 
a rapid fall in.the rate of tracheal ventilation# 
Ooncentrations of OSg and HON which killed the 
insect slov/ly produced an initial increase in the rate of 
tracheal ventilation whloh was followed by a decrease as the 
gas rendered the insect Isbq a,nd less active. 
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Part II 
Toxicity of Petroleiim Oil Mixed with Certain Ohemioal 
Compounds to Larvae of Oarpooapsa pomonella Llnne, 
INTRODOCCTIOH • 
Lead arsenate has been u.'sed. as a larvioide for 
oodling moth (OarpooaTJea poiaonella Linne) since the beginning 
Of the twentieth century. This insecticide has given the 
.aont widespread, constant and economical control of oodling 
moth on apples of any of the materials that have been 
investigated for thle purpoee. Within the last few years, 
however, the degree of control obtained has not been 
satisfactory in all oases. In spite of higher concentrations' 
of lead arsenate in the npray solution and of increases in 
the amount of spray applied to each tree, and in the number 
of applications, there has been an almost constant rise in 
the percentage of the apple crop that has been destroyed by 
this pest in certain sections of the United States. Various 
materials have been added to the lead arsenate sprays in an 
effort to improve their effioienoy. "Wetters", "spreaders" 
and "sticlcerD" of different types have been used with a 
moderate degree of suocess. One of thene materials which has 
been widely employed is refined petroleum oil in the form of 
an emulsion. This raaterial when applied alone has given a 
fair degree of control in moderate to light infestations. 
Much better control is obtained when mineral oil emulsion is 
mixed ?/ith lead arsenate. Not only does the arsenical adhere 
to the fruit "better, thus retarding its removal by the action 
of the weather, but the oil also acts afii a very efficient ovi­
cide. 
Another eerious objection that has been raised to 
the use of lead arsenate sprays in recent years is the 
toxicity of lead and arsenic to laan and the higher animals. 
This has led to strict regulations as to the cunount of lead 
and arsenical residue that may remain on the fruit when it 
reaches the market. 
In view of these facts, an investigation was made 
of some of the available oheiaioal compounds and mixtures to 
determine their toxicity to codling raoth larvae when they 
were dispersed in refined petroleum oil. 
nmim of hummm 
The number of articleB pulDlished on the uee of lead 
arsenate for the control of codling moth has nm into the 
thousands sinoe thiD material was first prepared for uoe as an 
insecticide in 1892 (B'exnald, IS^S)- Xt has been mixed with 
various materials which have improved the control in Bome in~ 
stancea. Newcomer and Yothers (193^) found thcit Bmall quanti­
ties of casein caused lead arsenate to be somewhat wore effeo-
tive, but that larger amounts did not have this effect. They 
found calcium, trioalcium, aluminum, barium, ferric, zinc, 
copper, titani\Jin, inagneaiura and manganese arsenate rand oaloium 
areenlte to be less effective than lead arsenate ugainst the 
larvae of codling moth. Zino arssenite vras olightly mora 
(1) 
effective. They found one per cent crystal oil to have 
praotioally no effect on the larvae and 2 per cent cyrstal oil 
to be about half as effective as lead arsenate in the proportion 
of 2 poundG to 100 gallons of vmtor. They also report that 
nicotine sulfate, 1~S00 or I-1600 mixed with one per oent 
lubricating oil emulsion, gave good control. Further they 
state, "Poor results were obtained with crude dipyridyl 
sulfate and crude bensyl pyridine, Derris in the form tested 
was ineffective and pyrethrum extracts were effective for only 
^^^Orystal oil- Volatility per oent, ViscoBity 122 sec., 
Specific Gratuity O.gy, unsulfonated residue 95»2 per oent. 
a short time after being appliocL." They alec report that 
nicotine tannate gave some indications of satisfactory 
control. 
MoAllister and Van Loeuwen (193®) determined the 
toxicity of 26k- materials to newly hatched codling moth 
larvae. At ten per cent concentration in talo dust, 
diphenylamine, £-^1- dinitrotoluene, 2-4 dinitrophenol, 3~5 
dinltro-o-cresol, alpha naphthylamine and beta chloroetiiyl-
p-toluene eulfonate almost equalled or exceeded the per 
oent efficiency of ten per cent acid lead arsenate in talc 
dust. They report the following; materials to be 100 per 
oent effective when used as an undiluted dust; diaaoam-
inobenzene, acetoacetanillde, dibromonaphthalene, 
nitronai)hthylamine and veratrine alkaloid* Thioacet-
anilide, potassium methyl zanthate, alpha nitr©naphthalene, 
3-nitro-4~ainino-toluen0, alpha nEtphthylamine, mercury 
Gulfooyanate, guaMdine, thlooyan^ite,, diphe?iylamine, 2-6 
dinitrotoluene, 2-i|. dinitroaniline, 2^ dinitrotoluene and 
2-li- dinitrochloro-benzene gave betvfeen 90 and 100 per cent 
efficiency v/hen used as undiluted dusts. The f0ll0T7ing 
liquids, acid lead arsenate 4- pounds in 100 gallons of 
water, di-n-butyloyanamide, beta chloroethyl-p~toluene 
sulfonate, di-benzylamine, ethyl benzyl-o-toluidine, ethyl 
thiooyanate, methyl alpha naphthylamine and n-propyl-p~ 
-11-5-
toluene sulfonate, when used at 10 per cont in talc dust 
gave between 90 s-nd 100 per cent efficiency. 
Filraer (193^) 3?eports that when a Gufflcient coat­
ing 01 nicotine tannate is maintained upon the foliage it 
controls codling moth as well as lead arsenate but that 
weathering removes 60 to JO per cent of the nicotine tannate 
during the first ten days following its application. 
Quaintance, A.L., et al (1931) reports that barium 
fluosilioate gave results equal to lead fTsenate in two 
instances and poorer in two instances. Different brands of 
fluosilicates and synthetic cyyollte failed to control 
codling moth in Missouri. Poor results were obtained vrith 
sodium fluosilioate and potassium fluoaluminate. Eotenone 
was reported effective imtaediately after application but 
rapidly lost its effectiveness. 
InBecticides as applied to insects other than 
oocilinjs moth ha.ve been studied from the point of view of 
chemical structure, by a number of workers. 
Cooper and Nuttall (1915) called attention to the 
posKible development of inseotioides from a study of the 
relation of chemical structure to toxicity to insSots. 
V/hen used as stomach poisons Hargreaves (192^) 
reports amiUOtilum-ortlioKii-nitro-'Cresylate as the most toxio 
to caterpillars of about 100 chemicals tested. 
Moore and CamplDell (1924-) report copper cyimide and 
thiooyanate aa being toxic to the Japanese beetle and the 
tent oaterpillar respectively. 
Brinley (1926) reports diphenylamino arsenious 
oxi<ie as heing about equal to lead arsenate in toxicity to 
the tent caterpillar. 
Gimingham and Ta,ttersfield (192S) found extracts 
of hariaxi and tephrosia to be very repellant to various 
chewing insects. 
Oompbell (1932) reports malaohite green, safranin 
bluish, brilliajit green and crystal violet as being toxio to 
silkworms. 
Turner (1932) found cube' extract and rotenone in 
various dispersing agents to be effective as a contact 
insecticide against aphids. These preparations did not prove 
effective against insect eggs except in one instance. 
Rotenone In oil showed considerable toxicity to Colorado 
Potato Beetle (Leptlnotaroa deoecfllinsata Say) lojrvae but was 
inferior to lead arsenate at the conpentirations tested. 
Rotenone deteriorated rapidly in the preaenoe of soap and 
water but was apparently stalile in water, or oil^soluble 
sulfonate, or oil eamlsifi^id with skimmed inilk^ 
Oontaot insecticides were studied from the 
chemical standpoint by Cooper and Y/alling (1915)» They 
found arsenic sulfide and nitrobenzene to be the most toxic 
of the chemicals they tested on blowfly larvae. 
Richardson ajid Smith (1923) tested a number of 
aliphatic and aromtio carbon compounds on Aphis rmnicia L. 
They state; "Ohemical structure does not appear to be a 
dependable index to toxicity. Nevertheless it is probably 
the best empirical guide at present available for the study 
of contact insecticides." 
Tattersfield and associates (1925)> (1926) and 
(1927) have studied the toxicity of plant extre.cts and N-
Heterooylic compounds to ADhis xnimiols L. 
Siegler and Popenoe (1925) found oapric acid to 
be the most toxic of the fatty acids to aphids with a 
decrease as the number of carbon atoms increased or 
decreased. 
These results were confirmed in general by 
Tattersfield and Gimingham (1927a). They also found formio 
acid to be more toxic thjm the acids with two, three and 
four carbon atoms. 
Richardson and Smith (i926) found that crude 
d^^yridyl oil prepared from pyridine and sodium was more 
toxio to certain ineeotG when used ae a contact inoeotlclde 
than nicotine. 
Richardson and Shepard (193O) studied the 
toxicity of Bome nitrogenous organic compoundB to Aphis 
rumicle L. and found metanlcotine and nlcotyrlne were the 
only substances approaching nicotine in toxicity. 
Smith, Richardson and Shepard (1930) studied the 
toxicity of twenty~five dipyridyl and related coiapounda to 
Aphis ruaiiols L. and found neonicotine to be the most toxio 
compound. 
Of the more reoent additions to our knowledge of 
chemical structure of insecticides, Vollinar (1931) gave a 
picture of pyrethrin I and II. However, the structure of 
these oompounds was first worked out in 192^1-, LaForge and 
Haller (1932) gave the structural formula of rotenone. 
Jones, et al (1933) ±"ound that lamp black reduced 
the losB in toxicity of rotenone when exposed to light and 
tested on inosquito larvae, Dihydrorotenone v/as more stable 
and slightly more toxio than rotenone. 
Gimlngham, Masse and Tatterafield (1926) found 3^5 
dinitro-6~oreBOl to be quite toxio to insect eggs, 
Waxdle (1920) pages 1S1-1S6 gives a'good summary of 
the work that has been done on the relation of chemical 
structure to toxicity of contact insectioldes. 
The use of raaterlale of known otiemioal Btjruoture as 
fiimigants v/ae studied by Moore (1917)» He oonoludea that 
"boiling point and vapor preesures are more Important than 
cheiaioal structure, 
Tatterofield and 'Roherte (1920) tested the vapor 
of oi'ga,nic coinpounds or wireworaiB. They found cheinlcals with 
"boiling points "between 17O® and 217^ 0. are uncertain in 
their action and thoae iDoiling above 24'5^ 0* are non-toxio. 
Weifert, Cook, Roark and Tonkin (1925) tested more 
than 100 organic cheiaicals as fuioigants against weevils 
infesting stored grain. They found epichlorohydrin and 
phenylaoetophenone to be the most toxic. 
Ootton and Roark (192S) tested some alkyl and 
alkylene formatee against rice weevil, Bitophilue orvga L. 
Methyl formate and allyl-formate were the niost toxic. 
Oralg (1931) tested some nitrogen heterocyclic 
eojnpounds against Tribollum confueum Duval. He found a~ 
phenylpyrrolidine to rank next to nicotine in toxicity and 
pyridine to have the lowest toxicity* 
OUCane (1932) In a review of materials employed as 
inseotioides'before 1896 lists Paris greun, lead arsenate, 
caloium polysulphides, kerosene emulsion, kerosene and 
alcohol extracts of pyrethrum, carbon disulfide and carbon 
disulfide emulsion, hydrocyanic acid gas, nicotine, mercuric 
""50*" 
chloride, fish oil and oils such as those of petroleum. The 
group of plants having inseottoidal properties and of which 
dexris is a typical example had aloo been used. Dr. 0*Kane 
discusses fluorine compounds, para-di-chlorobensene, copper 
within the plant ;}ulces, and other plant extracts, for 
exajnple the extract of Oraoca commonly called the Devil's 
Shoestring ae some of the new inBecticides that have been 
discovered since tha.t time. 
He points out that perhops the greatest advance 
has been the improvement in the methods of preparation and 
application of all these materials. Supplementing each others 
efforts, the chemiet and entomologist have produced 
insecticides that are giving excellent control of many pests. 
The variouG studies of the physiological effects on the Insecl; 
of these insecticides have made possible many of the present 
day improvements. With all the advances that have been made 
Dr. O'Kane calls attention to the fact that the need for 
continued effort is perhaps even greater now than formerly. 
He states that 62 per cent of the major insect pests are not 
as yet satisfactorily controlled. 
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M/imiALS Al-ID USTHODS 
Small Ben Davis apples vrexe Glea.ned of all spray 
residue and the oa,vities around the stem and calyx were 
sealed with paraffini.- A paper clip a.ttached "by a string to 
a tag was thrust into the stem end of each apple "before the 
paraffin was applied* 
The apples were sprayed with impregnated white 
(1 )  
oil with an atomizer operated "by compressed air at 15 
pounds pressure. A differential manometer was used to assure 
a uniform flow of air through the atomizer at all times. The 
apples were sprayed for 20 seconda. A volume of l.lg c.c. 
of oil was delivered "by the atomizer. The temperature ranged 
from IS® to 0. The apples were stored for 2^1 hours 
before they were infested. Ton. newly hatched codling moth 
larvae were placed on each apple. The larvae were obtained 
by the method of Farrar and Flint (1930)» 
As soon as the larvae had been transferred to the 
apples, the apples were placed in a constant temperature unit 
at 26.7® 0. and 50 cent relative humidity for 2^1- hours. 
After this period, during \i;hich all the surviving codling 
moth larvae had entered the apples, the apples were stored in 
TTT 
Petroleum oil- Specific Gravity O.S57» Viscosity S3 seo., 
Per cent Absorption by sulfuric aoid 1, Per cent loss by 
evaporation, 0. 
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a greenhouse for five days. At the end of thio period the 
number of etings and entJfieo in each apple was recorded. If 
a larva had penetrated lees than one-fourth of an inch into 
the apple, the injury was considered as a sting, if the live 
insect was not found. If the hole was more than one-fourth 
of an inch deep, ox a live larva was found, the injury was 
counted as an entry. 
The percentage controlled was calculated by the 
method suggested by the Insecticide and Fungicide Board of 
the United States Bureau of fintoiaology (V/ardle, 1928,pages 
XI|.5~I1|.6) . 
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STATISTIOAjL IKTIRPRETATIOH OF RESULTS 
The data recorded, in TabXe VII through Tahle XXill 
in this investigation were analyzed "by the Signifioanoe of 
Difference of Means of Small Samples as deBcribed by Fisher 
( 1932 ) .  
This analysis showed that in tests using only 30 
larvae the variation due to ohanoe was so great that the 
results oould only be considered as indications of what 
might be expected from these saiictures. This fact, however, 
does not destroy the value of the do.ta obtained from these 
short series, namely that the mixtures tested did not in 
most instances give, satisfactory control of codling moth 
larvae. 
In tests where 60 larvae were used to determine 
each mean a-variation of an average of 2.0 entries per 
apple was found to be due to chance between 1 in 10 times 
and 1 in 20 times. That is, a vf^riation of this magnitude 
would ooour purely by ohanoe in the eajne population between. 
1 to 9 and 1 to 19 times in (xny series of tests of sufficient 
duration* 
A variation of 2,5 entries per apple by this method 
of analysis with 60 larvae used to determine each mean would 
occur between 1 in 20 repetitions and 1 in 50 repetitions due 
to chanoe alone. As 1 in 20 is usually accepted as 
Rifjnifloant odds a variation of 2.5 entries magnitude would 
undoubtedly be signifioant. 
In two series of tests v;here 60 larvae were used 
to determine eaoh mean an average difference of 3*0 entries 
per apple occurred. The probability la less than 1 in 100 
that this wide a variation would oocur within a single 
population that was being uniformly influenced by its 
environment. 
In tv/o serieB of tests in which over ICQ larva© 
were used to determine each mean an average difference of 
l.il- entries per apple occurred. The probability is between 
2 in 10 and 1 in 10 that this variation is due to chanoe. 
In tv?o other eories of teats of the aame size a difference 
between the means of 2,1 entriee per apple occurred. The 
pxobEibility is less than 1 in 100 that this v;ide a variation 
would occur due to chance alone. 
In Table XXIII by the method of the difference of 
mefins of email samplea a variation of I.5 entries per apple in 
tv?o groups of 5 and k serieo reopectively selected at random 
gave a probability of 1 in 10 that the variation was due to 
chance. In two other groups of 5 3 series of mixtures 
respectively a difference of 2.0 entries per apple gave a 
probability of between 1 in 20 and 1 in 50 "that this large a 
-55-
variation was due to oliance. Aa odds of 1 in 20 are generally 
ooneidered significant a variation of 2,0 entries per apple 
could be considered significant v/hen groups as small as ^1- or 
5 series of mixtures were compared. 
Two groups from Table XKIII v/ith 9 series in one 
and 10 series in t'ne other had a variation of 0,^ entries 
per apple* The probability was slightly more than 1 in 10 
that this variQ,tion was due to chance. Two other groups of 
10 series each had a variation of 1.^1- entries per apple. The 
probability in this instance was betv/een 1 in 50 and 1 in 
100 that the variation was due to chance. These figures 
indicate that a variation of slightly less than 1.4- entries 
per apple is significant. 
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HESULTS 
In Table VII are listed the various mixtures that 
v/ere tested., arranged in the order of decreasing l£,rvioidal 
value. Ohemical foriuulae, molecular weight, phytjical state, 
melting point and solubility in oil are included as a brief 
deooription of eaoh cheaioal compound used. 
Vx X 
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i ^ Ortho-Toluidine 
; CH^GgK^JH^ 1 
107 i L 
"B.p.i 
: 19S^ + 
1 
i 
50! 4l 
i 
! • 
' ?7 Tbvisol 
n 5 0 > 1 
: ^^"7 . 
f 
1^0! 3 
! 1 i \ 
I ^50! 
t 
i 
4l 
( 
Ortiio-di-ciiloro-
benzene j ^6%^2 1 
1 
lii^  1 I 
IB , P . J  
i 179^ + 
t > 
jd 41 1 
Iodine 
: T 5 
. - 2  f  2Ri{. 1 0 • ii2i f 1^ ! 
{ 
4l f 

i 
i 
; t^enzsne 
;Tortine : ^ 2  !  2^4 1 
ij r 
: im 
T-
f 1 1^ 1 
J V  
4i 1 
i l*1usTibeiiseiie 
C.H F : 
: O 5 96 i L ' i .  ...J. 30 39 
h? 
i Beta-ibdo-j naphtiialene ' C H I  10 7 2Bif 1 S i 54. f : 20^ 30 39 
j3g 
i 
i'Bariiifli stearate 
^ i 702 1 s j • ! 1^ 30 39 
1 Aniline 1 ! 93 i L i -e! t i 2^ 60 39 
140 
;• Paxa-di-iodo-
i l3eiizens i 330 1 S 
J J 
i 129i 1 10^ 3oi 39 
1^1 
1 Tetra-cliloro-
i ethylene 
I 00120 G12 i 
166 1 h 
1 ; 
i -19^ i i 20^ 30: 39 
^42 
|2-4 Dieiilor-6-
i DheaYl-t)henoi 239 i 3 j  i  I ? i 2^ 
j 
3o| 39 
i4"5 
i Alpha-nitro-
i na?3litiiaisne °iO"7^^2 ; 
y 
173 i B 
t I 
i  6 i i  i 2^ 
j 
60I 36 j i Oopper oleate 
144 (Excess acid) cuCc^^^coo)^! 6 2 6 !  B 
I  j  
6oi 36 
\H3 
!Paxa-nitro-ohloro-
;benaene 
HO^ j 
157 i S 
i 1 
i 33! X t i 2^ 601 1 36 
!46 
Ui-cliloro-
!aniline 
im GAi 1 
2 6. i .3  2  i  162 1 s 1 50i •h 2^ 601 36 
; 4 7  
|1«2-4-5 Tetrs-chloro 
j  benzene 
-CgHgCl^ j t 
216 i s 1 i4oi + 6oi 36 
i  ?ao2io-cnioro-jnapiitlialene ! 1 163 i  L i  i  i  5 i  i  f  2^ 60i 32 
ih^ 
j Coppef 
^ stilf o-cvanide 
OuONS i 
i  
i  122 1 S 
) : 
(1084! i 2^ 
( 
60I 32 
i ^ o  iHotenone ^23^% 1 i S 
1 t 1 : i 1 30; 32 
iStearic Acid 
Arseaious oxide 
tE^cGOOH i 
As^e4^ I 
2S4 1 
19s 1 
S 
s 
^Sufeli 
^ 21f?-' 
= ^ 
1^ 60! 32 
j Ortfeo-nitiro-cliloro- ; 
i "benzene i i 
i 
1^7 1 3 - t 32i t : 2^ 601 32 
i  ]  
:Barilla oleate ! 
Ba[0i^^3000}g! 
700 1 3 •  5 <  V 
{ 
501 27 
; Para-di-broiso- i 
^l^enzene j Ws j t  236 1 S ! 59! f i 1^ 60 i 27 
{ 
!  j  
i Benzene i  ¥% j 7S 1 L i  5 i  f ? 2% 
t  
60i 27 
|56 
1 
jW.0.(50-^5 vis.) I 
i Chloxoform j j Rotenone CHCl^ j G2-,H^2% 1 
J 
119 1 
39i i 
L 
3 1 -57! < ; 
+ 
4 
i ic^ 
;.074^ 
i i 1 
6o| 
i :l~nitro-2- m^a^nS^OK 1 f i ! ! : c 1 ) i i I 

)Benzene i " ^ ! rs 5 L> i !>! 0\J 1 c/ 
[56 
J 
jW,0.(50-55 Vis.) 
i Chloroform 
;Hotenone 
i CHGl, 
i Cg-^HggOg 
"i 5 
1 119 I 
\ 394 i 
L 
—1 i -571 f 
\ 
+ 
.4 
i 10-% 
>074^ 60 27 
hi 
i l-nitro-2-. 
i naphthol 
1 JfOgO^oHgOH 1 f 
1 1S9 i « w 
i « 
; > 
! io^\ i 2^ 90 25 
I bo 
i Laisp l)lsok 
i Sodium axsenite 
i Ha^HAsO^ 
i 170 i S 
i i f ? 
' "f : 1^ 10 25 
!^9 
1Benzyl arsenic 
^ acid 
; C^rHj-OHoAsO^Ho i 0 5 2 32 J ; I 210 B 
i j 
* J 30 25 
f60 
Ortho-diclilor 0-
benzene i W^2 1 147 i L 
B . P  J 
1791 t 1 2^ 60 25 
l 6 l  Thalloue Malonate 
i 
; 511 i S 2^ So 25 
162 i 2 
Chloroforia-
Rotenone 
GH 01_ 
i C H 
• 2r 22 6 
^ 119 1 
39^ i t 
h 
S 
i -57; 4 
+ 
i 10^ 
r07^ 50 23 
l e ?  Sodiuia cyanide 1 Ha CN 
i t f 
1^9 1 s 1 ;• 11^ 50 23 
Isil. STaDhthaleiie 
• G H 
• IG S 
V 
! 12g i 
j ^ 
! goi + ; 2^ 90 23 
^f>5 
Meta-di-chloro 
iDfiTiTter^e 
OgH^Ol^ 
iii7 i Ti f 25s 60 20 
Phenol : 94 i L 
i 
i 2=^ 60 20 
kr 
Tri-aitro-
iresoroinol 
(HOgj^OgHCOHJg 
; 245 i S i 174; j 1% 60 20 
56g CQpoer oleate Gu( 0^711^^000) 2 ! 626 \ 8 
I i ( : i 5^ 110 20 
1-2-4-5 Tetra-
chloro-beazene ! 216 i rv 0 i i4oi ! 2^ 60 20 
iro 
Ortho-phenyl-
;plienoi 
; GgH^Og^OH 
; 170 i 3 i i +- ; 2^ 120 20 
i^O Ui»6hi03P0-
js^thxaceae 
0 . H Gi 1 
14 2 247 ! 3 
: 
1 209! «ar 
s 
1"  ^ i ^0 IS 
72 
Trl-liexa-Ghlor 0-
nFiphfhalene I 1 
i 
1 f? 1 i 1*^ ^0 1& 
7? Menthol 1 156 i S 4^1 f 2^ ^0 Ig 
7^ 
Paxa-di-cliloro-
benzene Wh 1 147 ; 3 j 53j f 20  ^ 30 16 
7^ Kvdro-fluoride 
HF H5O •; 
• ! 3g i L 
i B ,?  J 
1 120i 2^ i 60 16 1 
7^ 
?ars-di-chloro-
benzene W^2 ! 147 5 3 
i r 
i  i  
! 531 10^ 30 16 1 
77 Sodiuai sulfocyanate 
i 
iJaOHS 1 81 ' S 
! 1 
j 2S7i 1^ ,^, 60 16 

7*5 IH^dxo—fluoride i • -ies ; ; xaw, — > &•/« uu i xw < |Para-di-chloro- | Q^K 01 j ^ ; ! 
76 ibenzene | 6 4 2 | ^ 1 j.^| ^ 10^ 30 16 
1 1 
77 IsodiuHi sulfocvaixate I SaCNB 
; J i ! • 
SI ; S 1 2g7i - Vp 60 16 
7S jDi-nitro-plienol (H02)2 G^F^(0H 
c ^ ^ 
1S4 i s 1 l44i - 60 16 
Sodium ortho-phsnyl-
79 fehenylate 
IlaD CgHi.Ggi^ i 1 « i 1 \ 
192 1 L I 1 - 60 16 jPhenyl-iso-tliio-
go icyanate 
G.H NOS ( ; IB.P. 
0 5 1 1^5 1 L i -21 1^ 6Q l4 
i 
gl iTri-phenyl-arsine 
^ ^ -jAs 1 j ( 
ho6 : s i 59 + 1^ 110 11 
l^ta-'broffio-
S2 ^plitbalene 
OH Br 1 1 i 
« 1 207 ! S i 55 4 23 60 9 
foi-chloro-nitro-
j S3 benzene 
C1„0.R H0_ 1 i 1 
2032 1 iq2 i S i 51 + 1^ 50 9 i 
1 pars-par a^dichloro-
i gJl- ki-tilienol 
C^H:,C1 C^H,.C1 1 i j 1 6 £{. b 4 1 2^4 1 3 ! 1431 - 1"^ 60i 9 i 
65 bo-Ore sol 
OH,C.H. OH j i i j 
^ ^ ^ 1 lOg i L i "50! - 2^ 60 9 1 
36 Beta-na'Dhtliol 
C-,^H70H 1 ! ^ i ! i 
^^7 1 144 i S f 122I - } l-wl 70 9 1 
para-di-cbloro-
S7 foenzene 
C.H,G1 1 . i i i ^ ^ 
6 4 2 1 147 i S i 53i + ^ 1^1 60 
I 
9 1 
{2-Cliloro-&-Diianyl i CrH^Cl C^H_OH \ ' ; i i J 
Jig fohenol " 1^5 t> 3 r 207 ? L i i + i 2^ ^ 90l 7 
p-5 Bi-nitro-ortho- \ CgH2(H02)2 ' ; | 
jcresol | (CE-^) QH ; g _ 1^^ 6d 5 i 
iBeta-iodo- 1 G H I ! ! 
ISO Inapiithaleae ; 10 7 2134 s i 54! + 
i ? i 
1^^ 4d 5 i 
; C CI N0_ i . ; ; 
Oiiloropicrin 1 ^ i l64 L ! -69: 4 • 1 ! i$i 6q 5 
92 
10 Br HO i ; 
B r omopicrin 13- i 29S ^ L i 10! + 
i ; 
2^1 5d 5 ! 
9"^ 
L ^^0 ! i 1 i 
Broffiine 1 1 16O • L i -7l 4* 
i I ! 
5d 5 : 
94 
1 1 i • Chlorine i ! 71 1 Q 
t 
-lOll + 2^ 50! 5 1 
1 
195 
i 
Hitro-benzene 1 0 P ^ 123 i L 5i 4 2^ 
' • 
30l 2 i 
1^6 
i C H S 
Pirridine i 5 5 79 I L ! 1151 + 
i 1 
6oi 2 i 
97 
Sodium chloro-ortho-i NaO C^H^Cl 
cyclohexyl piienate | f 233 i S 1 4 
1 
2^ 
1 : 
9o| 2 i 
—  - r v i — {  { cxt \ •t-ra n,TT_ i i 1 i ; 

1^6 iPyridine J -J ?s ! L ! ilbi + \ ! ou; <1 » 
\ ^ l •  
ISodiuiffl ciiloro-ortlio-
[cycloliexyl phenate 
IJaO C^H^Gl 
231 
• 
rv 
i } 
! i 
i + 
i ! 
. ! 1 2^1 90? 2 i 
i 
ip-Diaetliyl aisino-
i benz yl-al dehyde 
(CH )2M2CgH2 
CKO 112 S 
i 
731 - 2^ 
1 1 
i 30i 2 i 
;Q9 i Oyanainide 
i C!i HH„ I 2 i s 
j 
-
2^ 
I i 
i 30I 2 
I 
i 
J jTetra-eliloro-
100 ietliylene 
• C Cl^c Gig 
166 ~i9i 
i i 
1 60I 2 } 
lOTL 
I 
Bromo-foris 
GH Br^ 
253 L ! 9! 4 T 
j 
1^ 1 ^ 1 ^ 60! 2 
102 
Beta-chloro-
nar'htbalene 
t 
\ 
I t5 
i ( 
. ' }4 + 20^ 
!• * ^ ^ > — 5 J 
• 30i 2 
103 
152-^ Tri-cliloro-
benzene ISl 
1 
i L l6i 1^ 1 60! 2 
! 
I 
IQii- Di-nitro-napbtlialene 21g 
f r 1 s 2lij.i • 1^ i 601 2 i 
105 
Fhenyl-alpha-
naphtlislaiBine 219 
: I 
! Q 6oi + 1 601 2 
; 
i 
1 Ort ho-cyclo~iiexy 1-
106 jDlienoi 6 11 6^ 17^ S 
• j 
^7^ f, 2-^ 1 30 
• 
2 
t 
jBeta-broffiO-
107 insDlitiialene ^10^7°^ 207 
( 
?9i 4- 20f^ 30! 2 
1 
lOS 
• 
Chloroforai 
C H 01^ 
119 
• 
L -57I 4- i 10% 60 i 2 
t 
10$ 
f 
1  pt» lOiiip hls,ck. 
5 pts. axsenious 
oxide ASgO^ 19S 
» ) 
i i ] Subll. 
3 1 2lSl 
! ! i i 
+ 1 
J 
! 
1 
30L 2 
J t 
V 
- 1 
jOxSilQ^plEHiyl 
110|i>henol 1 170 . , s  i  J 1 i 
V 
1 10^$ 10 2 1 jWhite^ Oil-
Ill Icraitrol 1 - L 1 
i 
1^00 0 
1 f 
112 cliloxide 
C^^^CO C ' 
155 ' • s i 561 . ; 24 i|-0 -2 
111 
Di-bromo-
saiDhtlialene 2S6 3 1 661 . 1 60 -7 
Ilk 
Qi-phenyl—amino-
arsine 
COgl^igHHgAs 
s ! 
1 
i t 2^ 10 -7 1 
115? 
Setra-cbloxo-
benzene 
OgHgClj^ 
216 
J J 
L i 
• ' 1 i 1 i 1 
i 5va 60 ~7 
l lol  Stxaw-oil (lO) { h 
I 
. 1 1 
\ 
i i 100^1 -7 i 
i'V
 
s
 ]oii r 
B54: ? 
f 
• 1 
, I -V. 
- - - -i— 
. 1 -
i A 1 
? 30 -7 
j i J . 

115! benzene dm 
-I—±2 7i^ 1 
1 9 
1100^ I 
.i..jpfr?r., 
ilsd . . ! -1 i2. 
-r—T 1 : 
i 1 
1 s' 
f 25#i 
a 
70 -7 
llg Anthracene 
1 1 
i 170 1 S 
..a J, a. I.. . , J 
j 21^' ! .J l>i»l 
} 
60i "7 
119 Gumidine- , 2 O H-j{CH^}2 
I 1 i ? t 
\ I L 
; ! 
1 J X « 
1 j 
^ 2^1 
1 t j 
40i 
-9 
120 Chlora-acetone 
IGH^Cl CO GH^ 
! ^ 3 t 1 92 1 L 
:B.J' •! 
1 119^ f i -d 
j 
bOl -9 [i-3~5 ^2?i~nitro-
121 Ibeiizeiie U x , l  S 1 112i 1^1 6Q\ -9 
\2-^• 2i-c]aioro-
122lpiienol 
101 CVH OH 
i  2 6 3  1 165 f S i 40: f ^ 1^1 
! 
601 -9 
i Para-nit ro~ 
1231aniline i 
{ ^ 
i i^g ! S 
1 
I l^Di 1^7 501 -llj-
12^1. 
Beta-ciiloro-ethyl-
para-toluene sulfon­
ate 
i } 
i ! 
1 250 1 6 
1 : I 
i 19I 
i j 
i 1^1 
I I 
Sol ^lii-
]Broffio-beta~ 
125 i naphtiiol 
Br O^^QHyOH 1 i 
i 223 i Q i 601 ! iSl  
1 
60 j -14 
\ 
IS^jCetyl fluoride 
\G /d F 
1 lt> 33 
j ? 
\ 2li4 j 3 
\ r i • 
; 5 4 '  2p\  
1 1 
^QI -14 
! 
127!Carbon disulfide 
1 r* 0 
r ^ 2 
1 ! i ? 
i 76 1 L 
1 ; 
!-113i f • 2^1 
I 
JQ\ -lli 
1281Iodoform 
ICHI. 
3 
1 > 
; 39^ ^ S 
iSublj. 
1 1191 , 1 iJOi -14 
•Lamp black 
129 iSoditiia fluoride Ihs.? 
1 1 
i k2 i s 
1 1 
1 9921 • 1^! 
i 
201 -lit j Para-di-iodo-
130 Ibensene ! 330 i s 
J i i j 129! •f J H\ 
• • — r* " 
-lij-
]2-4 Di-nitro-cbloro--Ol C^H (ifO } 
l^llbenzene •; ° ^ ^ 1 i i 202 1 s i ^^7^ i 1^ 1 601 -IS jW.O.sat.  triti i  
132 jtannic acid 
! j 
1 -522 1 0 L/ 
! j 
1 200! t 
• 1 
1 Sa,t • 1 30 i -16 
Arsenious 
133 lozide 
! ! 
i 19B i 3 
iSubl; 
i 2iSi.  i 601 -IS 
i 
13^  iCyaxiosen broaiide 
i 
|c:s Br i 1 1 106 1 CI u i • i I 52i ; 111 1 601 -20 
J 
i?5! 
2'^ •^ Di-nitro-broao-
benzene 
jBr i i 
1 21^7 1 s i 701 i  2^1 
J 
50! -23 
176 Cetyl alcohol 
ic OH 
1 16 33 
t \ 
I 2ii2 i 3 ! 501 •i- i 2,1 I 601 -25 
Metallic 
D-ivoo-ni'f f* 
j 7 
! 300 i 3 
iSubl^ 
i imi + j 1^  I 601 -25 

Ill 
2-4 Di-nitro-chloro-ICl C^H.^(HO ) 
henzene 1 b ^ ^ d 202 s 
! 
i 11-7 
f 
1-^! 
i 
1 
601 -IS 
1^2 
W . O . s a t .  w i t h  
tannic acid 
• 
322 e i 200 • 
j 
S a t .  i  
' i 
301 -Ig 
13? 
Arsenious 
oxide 19S s 
jSubl, 
1 2iS 
i 
l ^ i  
! 
60 i -IS 
Cyanogen "bromide 
1 
lOH 3r 106 
r» 
1:3 i .2 1% i 60 -20 
I'?'? 
2-H- Di-nitro-"broiao-
benzene J 2lf7 ! 70 
» 
2 ^ 1  -23 
l'?^ Getyl aic<^ol 
1 lo 33 2i^2 s 1 -50 •f 2 $ \  60 -25 
2.57 
Meialiic 
arsenic 
. 
300. s 
;Subl. 
i kk6 •f- 1^ 1 60 -25 
13s 
p-Ercsao-benzo-
Ditrile 
[Br G^E^GH 
Ig2 s i 111 
1 
1^ i 60 -30 
1?? 
Beta-
Naphthylamine 143 s i 111 •  2 $ l  J50 -30 
i4o 
Para-nit'ro—broEBO— 
benzene 
W°2 
203 s 
1 
i:121-: 2^ i 60 -32 
141 Para—t oluidene 107 L 1« 1 ^ ^  30 -41 
(1) Molectilar weights and melting points are rounded to the nearest s-hole 
nuEiber. If the melting point covers more than one degree only the lowest 
figure is given. 
(2) S=s Solid; Lss Liquid J Q= Gas. 
(3) 4- Indicates the amount added dissolved completely. 
— " fl fl rt QQ-j; dissolve co^^pletely. 
(^) 10 larvae used per apple. 
5) W.O.s White Oil- specifications ^ven on page ^1* 
S) A sjixtnre. Item 1, of one part of White Oil saturated with tannic acid 
sjxd one part 01 'Shite Oil containing 14 nicotine was p^pplied to the apples. 
(73 Wi'cotine given is 50 per cent of Black Leaf 50* 
{s) Hicotine sulfate given is ^6 per cent of Black Leaf ^0. 
(9) feste .sulfite, Va. .4gr. Sxp. Sta.. Eul. 277. 
(10)psirpleuffl oil- Specific gravity 0.Sg9» Viscosity lOij-, Acsorption hy 
- Svaporatipn G. 19 per cent. 
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Nicotine and nicotine sulfate were the only 
materials giving more than 75 cent control of entries. 
The control consiBted of apples sprayed'with White"Oil, (Item 
111, Table ?II) so that approximately 35 pesccent of the 
larvae were killed that would have made entxies on xmsprayed 
apples. 
1-3-^ Tri-nitro-naphthalene, methyl salicylate, 
para-di-bromo-benzene, naphthalene, copper cyanide and copper 
oleate gave the highest peroentage of control of the cheroioal 
compounds other than nicotine that were tried. They gave 
better control than pyrethrum extract, (Item 1^1-, Table VIl). 
In 4-2 of the mixtures tested the material added was 
a liquid at room temperature. These mixtureG gave an average 
of 35 P®^ cent control. This rather high control was probably 
partly due to the better mixture obtainable betvireen two 
liquids and partly due to the fact that nicotine falls in 
this group. 
In ^6 of the mixtures tested a solid was dispersed 
in the oil. The average control of these solid materials was 
17 per cent. This relatively lev? average was probably partly 
due to the oil having coated some water soluble toxio 
constituente such as arseniouB oxide, (Iteia 133» Table VII) 
and rendered them inactive under the conditions of the 
^59'-
investigation. 
The only gas tested was chlorine, (Item 9^1-, Tahle 
VII) which gave 5 pei* oent control. 
In Table Vila is given the peroentage of control 
in relation to the molecular weight of the compound used. 
In Table Vllb is given the percentage of the 
total number of mixt\ia?es teatad in comparison with the 
percentage of control. 
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Ta-ble Vila 
ReXation of Molecular Weight 
To Toxicity To Codling Moth Larvae 
ItemOPeroentage 11 No. of Mixtures Used in ISaoh 
Ho. Oof Control 0 ' M6I6ouIar 'W6ie:hf 'liaiiKe ' 
Belowl 
100 1OQ-150I 161-200 201-26OI 1 2«51-^00( 
Atiove 
•?oo 
1 100-76 1 
2 76-Bl • 2 2 1 5 2 
60-26 5 6 10 k 6 7 
k 26-0 7 12 16 11 •3 
5 Below 0 3 5 5 10 2 
6 Total No. 
in iSaoh 
Weight 
Ranse 15 25 3^1-, 26 16 16 
-61-
Table VIlb 
Note: This table contains the oaane data as 
Table Vila with Items 1~5 converted 
into percentages of Item 6 in that 
Table and Item 6 converted into 
percentages of the total number. 
ItemJPeroentage 
Ko» [of Control 
Percentage of Total No. of liixtures 
] Below 
100 100-150 
_ 
161-200 
0 
1201-2500251-300 
Above 
300 
I 100-76 3 
2 75-51 8 6 4 31 1? 
? 50-26 33 24- 30 16 37 
if 25-0 47 il-g 1^7 ^2 19 24 
Below 0 20 20 IH- 3g n 
-49 
6 Percentage 
of All Mix­
tures in 
Each Weight 
Range 11 19 .... 27 20 12 12 
-.62"-
These tables indicate that of the coiiipounds used 
those that ho.d molecular weights between 2^1 and 3OO included 
the largest percentage of the mixtures tested that gave more 
than 50 per cent control, (Items 1 and 2, Table Vllb). 
Compounds having molecular v/eights of above 3OO, 
(Item 2, Table Vllb) ranked next in percentage of the mixtures 
tried-that gave more than 50 oent control, but thoee that 
fell in the l^l-'SOO group included the largest number of 
mixtures investigated. 
Hone of the 15 mixtures tried that had molecular 
weights of lees than 100 gave more than per oent control. 
While these relationships are based on too few 
compounds for any general conoluaionp still the data indicate 
that the lighter molecules are not satiefaotory for this type 
of insecticide. Compounds having moleoulur weights below 100 
and possibly 150, seem to be of doubtful value. 
A study of the solubility in oil of the materials 
tested as given in Table VII indioates that some of the most 
toxic materials, nicotine, I-3-S tri-nitro-naphthalene and 
copper cyanide are not soluble in oil. 
Of all the materials tested as recorded in Table VII, 
nicotine, 1-3-g tri-^nitro-naphthalene, methyl salicylate, 
copper cyanide snd copper oleate gave the highest percentage 
of control, when 2 per cent or less of the material was added. 
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Niootine was the most effective and copper oleate the least. 
The others rank in the order niiraed. 
In Table VIII are listed all the aromatic and 
alipatic compounds studied which did not contain other 
elements or groups. 
The aroiaatic compounds used gave an average of 20 
per cent control of entries as compared with -2 per cent 
control of entries by the aliphatic compounds. 
Methyl salicylate was the most toxic material 
tested in this group. 
Taiile VIII 
TOXICITY TO CODLIHC- MOTH LAHYA^: 0? UF^XiOLSlFISD liHITE OIL 
IMPREGHATSD WITH ALIPHATIC AIID AROMATIC CAHBOH COMFOUiJDS 
pLteaiDMaterial Mded to | Aiaouiit 
So. 8 i^ite Oil 9 Added 
r 1 5 
>Ho.Laxvae|Average -oer Apple0Percentage of 
1 Used yStings (^Entries fiControl of 
5 i {Entries 
11 1Hethyl salicylate | 2^ 10 1 0.0 1.3 71 
12 1 HaTDlitlialene 1 10^ 10 1 0.0 1.7 6l I •• 1 
: 1 Xylene I 2^ , 
j 
60 1 0.0 2.3 4g 
Toluene 
i 2^ 60 1 0.17 2.5 ^3 
Thvmol 50 0.2 2.6 4l 
6 Benzene 2% 60 0.5 3.2 27 
7 Ortiio-i3henTl--Dheiiol 2% 120 0.0 3.^ 23 
& Ha-ohtlialene 2^ 90 0.0 3.^ 23 
9 Piienol 2^ 60 0.33 3.5 20 
10 Menthol 2f^  50 0.2 3.6 Ig 
11 Qrtiio-Cresol 2^ 60 0-33 4.0 9 
12 Beta HaTDlitiiol 70 O.lij- 4.0 9 
Ox t ho-ph enyl—t>henol 10^ 0.0 ^.3 2 
lit 
Ortho-cyclo-hei^yl— 
Piienol 2^ 30 0.0 4.3 2 
1^ White Oil—Control Hone 1300 0.19 4.4 0 
l6 Anthracene Ifh 60 0.17 4.7 -7 
17 
White Oil saturated 
^fith tannic acid Sat. 30 0.0 1 5,2 -IS 
! 

9 Phenol 2^ 60 0.33 3.5 1 20 
10 Menthol 2^ 50 0.2 3.6 1 Ig 
11 Ortixo-Gresol 2^ 6o 0.33 4.0 9 
12 Beta SJaTDhthQl 1^ 70 0.14 4.0 9 
13 Ortho-phenyl-phenol 10^ 30 0.0 4.3 2 
Xk-
Ortho-cyclo-heayl-
phenol 2^ 30 0.0 4.3 2 
V? White Oil—Control None 1300 0.19 4.4 0 
l6 Anthracene 1^ 60 0.17 4.7 -7 
17 
White Oil saturated 
with tarmie acid Sat. 30 0.0 5.2 -IS 
ig Oetvl Alclihol 2$ 60 0.17 5*5 -2«j 
Sm^4RY 
IteaOHo. of ^Materials Tested 
So. jMiztures y 
sTested § 
[Percentage 
of Material 
Added 
So. 
Larvae 
litve. 
[Eat .per 
f Al5T3le 
Average 
Perceatage 
of Control 
1 1 15 Arossatic carbon 
saixttires 1-10 S40 3.5 20 
2 1 2 I Aliphatic carbon mixtures 2 110 4.5 -2 
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Xn TaTolo IX as© listed the oompo'un.dB tested v/hioh 
contained the nitro g^roup. 
Many of these coitipounds are practically insoluble 
in oil. In fact, all the mixtures which gave negative 
control, (Items 17-21, Table IX) were apparently insoluble 
in oil MB was the material ^vhich gave the best control, 
(Item 1, Table IX). The mixturen which contained the 
naphthalene group, (Items. 1, ij-, 7 ^.nd 15, Table IX) 
combined v;ith the nitro group all gave a positive percentage 
of control. Iodine, (Ifen J, Table IX) combined with nitro­
benzene gave a higher percentage of control of entries than 
chloro- or bromo-nitro-benssene combinations. 
l-^-a Tri-nitro-naphthalene gave the highest 
percentage of control of any of the nitro mixtures tested. 
Table IX 
TOXICITY TO OODLIHG MOTE LARVAE OF Uli3l€JLSlFIED T?KITE OIL 
IMPHEGHATED WITH COMPOUNDS COliTAlSIfiG TH£ KITRQ GRCXJF 
IteiaJMaterial Added to 
So. 1 YHiite Oil 
<1 Aisount OHO. Larvae § Average oex Anxile 
1 Added 0 Used § Stings Entries 
IS 0 0 0 
{Percentage of 
^Control of 
\ Entries 
1 1~3-S Txi-nitro-
napjathalene 1-^ 30 Q.33 71 
i 2 
Meta-di-nitro-
"benzene 2^  ^ 90 0.0 2.2 50 
Para-nitro-iodo-
"benzene 2^ 10 0.33 2,3 45 
> 
i0.plia-nitro-
nat5lithaleae 2^ 60 0.33 2,g 36 
Para-nitro-chloro-
benzene 60 0.0 2.S 36 
6 
Ortbo-nitro—chloro-. 
benzene 6o 0.0 . . 3.0 32 
7 1^x4 itro-2-IIaDlit hoi go 0.33 3.3 25 
g Tr i—nit ro-re sore inol 1^ 60 0.0 3.5 20 
9 Di-nitro-nhenol 1^ 60 0.0 3-7 „ 16 
10 
Di-chloro-nitro-
bensene l-^ 50 0.40 i{-.0 Q 
- -
11 
3'-5 Si—Bitro-ortlio-' 
cxesol 1% 60 0.0 k-,2 
12 Broao-Dicrin 1^ 50 0.0 4.2 
Obloxo-Dlex in 1^ 60 0.g3 4.2 5 
lif altrS-benzene 30 0.0 4.3 2 
Di-nitro-naubthalene li 60 0.50 4.3 2 
16 White Oil- Control 1300 0.19 4.4 0 
17 
1-3-5 Tri—nitro­
benzene 60 0.0 
« 
If-.3 ! -9 

..A. 
6 
 ^ i.'i JU W w 
Tr i—nitxo-re sore inol 1^  60 0.0 
1 iT ^ ,1 1 
^.5 20 
9 D1—nitr0—nhenol 1^  60 0,0 1.7 16 
10 
2i—chloro—nitro-
bensene l-S . 50, O.lw ij-.O 
11 
3-5 Bi—nitro-oirtho-
cresol H 60 0.0 ^.2 5 , 
12 Bromo-uicrin 1=  ^ »50 0.0 4.2 5 
l"? C?hlorQ-D Icr in 1^  60 o.gl 4.2 *— ? 
Ill- Sitx5—Taenzene 2^ 0.0 4.1 2 
Si-nitro-nat»iithalene 60 0.50 i{-.l 2 
16 Whits Oil- Control 1300 0.19 4",ii. 0 
17 
1-3-5 Tri-nitro- • 
benzene 1^ 60 0.0 i{-.S -9 
Ig Para-nitro-aniline 1^ 50 0.0 5.0 -lij. 
19 
2-4 Di-nitro-chloro— 
benzene 1^ 60 0.17 5.2 -IS 
20 
2-4 Di-nitro-broffio-
bsnzene 2%, 50 o.4o 5-4 -23 
21 
Par str-ni tr o-br oao-
benzene 2^ 1 60 0.17 5.3 1 -32 
SUHM&HT 
Itemfilio. of iMaterials Tested OPercentage § Ko. §Ave. 8Average 
Ho. 8Hixt\ires§ {of Material §Larvae§Snt.perOPeroentage 
fTest ed 5 5 Added § § Apple 6 of Gontrol 20 j gitro Mixtures I 1-2 | II30 | 3*^ | 3.4 
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In Table X are listed the mixtures tested which 
contained Iodine. 
Iodine a,t 2 per cent (Item 1, Table x) wao the iBost 
toxic mixture used in this aeries. 
Iodoform, (Item 10, Table X) gave -li|- per cent 
control of entries. 
Beta-iodo-naphthalene n.t 2 per cent (Item 2, Table X) 
y/as more toxic than at 1 per cent or 20 per cent, (items 6 and 
7, Ta,ble X). 
Table X 
TOXICITY TO CODLIHG MOTH LARVAIS OF UHSmLSlFISD WHItS OIL 
I^HSSHATSS WITH lODIIiE <M IGDO COMPQUaBS 
Item 
ilo. 
^Material Added to {Amoimt 
aMte Oil |Added $ so. Larvae! Average per AttdIc § Used 5Stings S ^incies 
i f $ 
JPercentage of 
1 Control of 
f Entries 
1 Iodine 
r ; 
"50 1 0.67 1 2.Q 55 
2 Beta—lodo-MatJbtlialene 2^ 10 0.0 2.G 55 
Para-Hitro-Iodo-
Benssne 10 0.33 2.3 i{.g 
Iodine 14 fSO 0.0 2.6 kl 
5 
Para-di-iodo-
"bensene 10^ 30 0.0 2.7 39 
6 Be t a- lodo-Hapiithalene 20^ 30 0.0 2.7 39 
7 Beta-Iodo-HaBlit£ialeii8 1^ 0.0 2|-.2 5 
2 White Oil— Control Hone 1300 0.19 if.il. 0 
9 
Para-di-iodo-
"bensene 1^ 40 0.25 6.0 -llf 
10 1 Iodoform 1^ IK) 0.25 5.0 -1^ ! 
SUISiARY 
Iteai 
^o. 
[So. of il $PercentSLge 
Mixtuyes§ldaterlels Tested Oof Material 
Tested i fAdded 
>Ko. OAve. 
Larvaey Ent.per 
1 $Aoi3le 
1 Average 
[percentage 
[of Control 
9 1 Iodine Mixtures | 1-2 
1 i 
'! 
320 j 3.2 27 
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In Table XI are listed the mixtures that ware 
tested which contained "broifline. 
Para-di-bromo-bengsene, (Item 1, Table XI) was the 
most toxic material tested in this aeries. 
3-5 Di-bromo-ortho~creBol at 1, 2 and 5 oont, 
(Items 2, 3 i}-, Table XI) altio showed considerable 
toxicity. 
Six bromine oompounde, (items 12-17, Table XI) 
all were apparently insoluble in oil and gave negative 
control. 
Table XI 
TOXICITY TO CODLIKG MOTH LARVAE OF UHSyULSIPISD WTilTE OIL 
IMPREGSATEB WITH BROMIKE OR BROMO-GCMPOUSDS 
Item 
So. 
^Material Added to S toount SKo. LarvaeOAvexae-e 
WMte Oil 1 Added § Used ystiags 
IS § § 
cer AcDle 
1 Entries 
iPercentage of; 
/Control of j 
} Entries i 
1 
I 
?ara-di-brofflo-benzene j 20^ 30 
1 
0.0 1.7 61 
1 
0 1 
2 
3-5 Bi-ljroaio-ortlio- j 
eresol 1 1^ 30 0.67 2.3 4g 
"5 
3-5 Di-broao-ortlio-
cresol 5  ^ 70 0.0 2.3 
% 
3-5 Bi-broffio-ortlio-
cxesol 2  ^ 120 0.17 2.5 43 
Para-di-bromo-benzene 1*^  60 0.17 3.2 27 
6 Bet a-br oao-napnt b.al ene 2^ 60 0.33 4.0 9 
7 Broffiiiie 1  ^ 50 0.20 4.2 5 
$ Brojao-Tjicrin 50 0.0 4.2 5 
9 Beta—bromo-naulitlialene 20  ^ 30 0.0 ^.3 2 
10 Broao-f 0331 1  ^ 60 0.33 i^.3 
1 
2 i 
11 Wbite Oil- Control lione 1300 0.19 4.J4-
"1 
0 1 
12 Di-broffio-aanlithslene 1  ^ 60 0.17 4.5 -2 1 
Bromo-beta-naolitliol 1  ^ 60 0.17 5.0 
i 
-14 1 
l4 Dvanosren bromide 1^ 60 0.0 5.3 -20 1 
I'? 
2-4 Di-nitro-broao- | 
benzene 1 2% 1 50 O.JK) I 5.if -23 [ 
l6 Bromo-benzo-nitrile 1 
s 
1 6o 
1 
0.33 1 5.7 -30 1 
U 
Para-nitro-brofflo- j j 
benzene 1 2  ^ • 60 ' 0.17 1 5.S 
! 
-52 J 
SUMMABY 

g Broaio-picrin l^ i 50 0.0 1 4.2 ! b 
9 Beta—bromo—nsplitlialene 20^ 30 0.0 i^.3 2 
10 Broao-foxm 1^ 60 0.33 4.3 2 1 
11 ^hite Oil- Control lone 1300 0.19 4.M-
i 
0 1 
12 Bi-broffio-sanhtiialene 1^ 60 0.17 if.5 -2 i 
Br omo-bet a-nat>litliol l^ i 1 60 0.17 5.0 -1. 1 
i4 Ovanosen "bromide 1^ 1 60 0.0 1 5.3 1 ro
 
o
 
2-4 Di-nitro-l5rofflo~ 
benzene 1 2^ i 50 
i Q,kO 1 HA 
1 
-23 1 
3,6 
1 I 
Broaio-ben20-nitrile j lis 1 60 0.33 I 5.7 
.11 ..I. J  
-30 1 
. J.7., 
?ara-nitr0-br0j20- [ 1 1 • 
benzene i 2^ f 60 1 0.17 ; S.g 
j 
-32 1 
simi&AKy 
IteaiHo. of Mixtures§ 
Ho. § Tested OMaterials Tested 
? 5 
^Percentage 5Ho. jjAve. {Average | 
Iof Material§LarvaeOSnt. per5Percentage! 
\ Added 6 6AT3T>le 5 of Control! 
1 
1 l6 1 Bromine Mixtxires 1-20 910 I 4.0 i 9 i 
1 1 '  i  
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In Table XII are listed all the mixtures that were 
tested that oontained chlorine. 
Beta-chloro-naphthalene, (Item 1, Table XII) and 
para-chloro-aniline, (item 2, Table XII) gave the highest 
percentage of control, 
Ortho-di-chloro-benzene, (Items i}- and 12^ Table XII) 
gave a higher percentage of control than laeta-di-ohloro-
benaene, (Item 1^1-, Table XII) or, para-di-chloro-benzene, 
(Items 17, 1^5 and 21, Tablo XIl). 
Tetra-chloro-benzene at 1 per cent, (Itemo 7 
13, Table XII) gave a higher percentage of control than 5 P®3r 
cent tetra-ohloro-benzene, (Item 31> Table XII). 
Ohloxine, chloropiorin, phenacyl chloride and chloro-
acetone, (Itemo 23, 24-, 30 32, Table XII) which in the 
gaseous state are extremely Irritating were found to be 
practically non-toxic to codling moth larvae 2H- hours after 
they were applied to the apples. 
Table XII 
TOXICITY TO CODLIKG KOTH LARV.VS OF UKSliULSIFIED v?HITK OIL 
IMPHSGHATED WITH GHLORIKS (M CHLORIHE 
coMPoimcs 
Iteffl 
&o. 
5Material Added to llAmotiiitOKo. Larvae 
1 Wh.ite Oil {Added $ Used 
0Average 
Istinge 
( 
per Apple 
SSntries 
jFerceintage of 
)Control of 
t Entries 
1 Beta-ohloro-naphtlialene 2^ So 0.1^ 2.3 
2 Para-chloro-aniline 2^ 30 0.0 2.1 hs 
Gaxl>oa-t e tr a-chlor ide U 20 1.0 2.5 43 
k-
Crtho-di-cliloro-
beazene 2-^  70 0.l4 2.6 4l 
2-4- Di-chloro-6-
Tshsnvl-olienol 2^ 30 0.0 2.7 39 
6 
Tetra-chloro-
etliTlene 20^ 30 0.0 2.7 39 
7 
1-2-4-5 Tetra-chloro-
benzene 1^  60 0.17 2.8 36 
S 
Para-nitro-chloro-
benaene 2^ 60 0,0 2.g 36 
9 
2-5 Di-chloro-. 
aniline 2<i 6o 0.17 2.g 36 
10 
Or tiio-nitro-chl oxo-
benzene 2^ 60 0.0 3.0 32 
11 Mono—ciiloro-naplithalene 2^ 60 0.17 3.0 32 
12 
Ortho-di—ciiloro-
benzene 2^  ^ 60 0.0 • 
i 
1 25 
1"? 
1-2-4-5 Tetra-chloro— 
benzene 1^ 60 0.0 3.5 20 
sleta-di-clilOTO-
benzene 1^ 60 0.67 3.5 20 
15 
Tr i-hexa-chlor0-
naohthalene 1^  «50 0.0 3.6 Ig 
l6 
9-10 Di-ciai>ro-
a.Tithracene 1^ 50 0.0 3.6 18 
1? Para-di-cbloro-benzene 10^  30 0.0 3-7 16 

.. f, 
IS 
X U»X Cb w 
Paxa-di-cliloro-'beiiaene 2CK4 3Q 0.0 io 
19 
Di-chioro-nitro~ 
T:>ensene 1^ 50 0.40 4.0 9 
20 
Papa-para-dicnloro-
di-r>henol 1^ 60 0.50 4.0 9 
21 Pax a-di-chl oro-'ljenzene 1^ 6q 0.0 4.0 9 
22 
2-Chlox o-b-pheayl-
vhenol 2^ 90 0.56 4.1 7 
Chlorine 2p 50 0.20 4.2 5 
24 Chloro-picrin 1^ 60 0.^3 4*2 5 
2^ 
Sodium cliloro-ortho-
CYCI ohexYl-plieiiat e 2^ 90 0.11 4.3 2 
26 Tetra-chloxo-ethylene Ifa 60 0.17 4.-3 2 
27 
1-2-4 Txi-cbloro-. 
t>en2ene 60 0.0 4.3 2 
2S Bet a—clil or o-napht halene 20^ 30 0.0 4.3 2 
29 ftliite Gil— Control Hone 1300 0.19 4.4 0 
30 Phenacvl chloride 2^ 40 0.5 4.5 -2 
?1 'fetra-cliloro-beazsne 60 0.17 4.7 -7 
32 Chloro-acetone • 1^ 60 0.0 4.g -9 
3^ 
2-4 Di-cliloro-
nhenol 1-% 60 0.17 4.S -9 
Beta-chloro-etiiyl 
para-t oluene-fiulx onat e Ifa 60 0.4g 5.0 -14 
2—4 Di—nitro—chloro-
benzen© 1^ 60 0.17 ^.2 -IS 
SUMUARY 
itemOno.of Mixture8$Materials Tested 
3o. ^ Tested 5 
5 5 J 
1 Per cent age 
lof Material 
( Added 
)lJo. 
iLaxvaei 
\ 
[Ave, 
(Ent.per 
i Apple 
} Average 
Percentage 
[of Control 
1 34 Chlorine 
Mixtures 
1-20 1^30 3.7 16 
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In Table Kill are liBted the oompoundB that were 
tested which contained the amino group. 
Alpha naphthylamine, (Item 1, Table XIII) was the 
most toxio material tested in this series. 
Ortho-toluidine, (Item 3, Table XIII) gave ^l-l per 
cent control as compared with per cent control obtained 
with para-etoluidlne. 
Seven of the tvfelve amino mixtures tested gave 
practically no control or negative control. 
Table XIII 
TOXICITY TO CODLIHG UOTE L-IRVAE OF OHEI-iULSIFISD 
WEITS OIL IKPREGKATED v/lTH COMPOUHSS OOHTAIKIBG TKS 
AMIIiO GRODP 
ilteis 
po. 
f^terial Added to OAiEomit SHo. Larvae 
i White Oil {Added § Used 
0 5 
§ Average iser AT)i3le5Percentafi:e of 
Ostings {Entries $Gontrol of 
i 5 0 Entries 
1 
1 
Alpha naphthylamlTie i 2^ 0.0 2.0 55 
2 Para-chloro-aniline j ^ 30 0.0 2.1 4g 
"5 Ortho—toluidine 2^ 50 0.40 2.6 4l 
it Aniline 60 0.17 2.7 19 
2-5 Di-chloro-aniliJie 2^ 6G 0.17 2.g •16 
6 
p-flimstiiyl ax2ino-ben2yi-
aldehvde 2$ 10 0.67 4.1 2 
7 
Phenyl—alpha-
na-Dht hvl p mine 6o 0.17 4.1 2 
{? Cyanamide 2^ 0.0 4.1 2 
9 White Oil- Control None 1100 O.IQ 4.4 0 1 
iQ Di-Xfhenvl-affi ino-ar sine 2^ 10 0.0 4.7 -7 i 
11 Guffiidine 2^ 40 0.0 4.S 
' 1 
-9 j 
12 Beta Haolathvlaiiiine 10 0.0 5.7 1 
\ 
-10 ! 
11 1 Para-Toluidene 1^ 10 f 0.0 6.1 1 -4? ! 
SUMHARY 
p[tei£5Ho. of I 5Percentage filTo. 0Ave• 0Average | 
go. OMixturesiHaterials Tested jof Material§Larvae$Snt- per0Percentage j 
OTested i < 1 Added 5 ^Apple i of Control 
.0 
1 
J 
12 1 Amino Mixtures 1-2 
1 { 
1 ^0 1 3.9 11 
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In Table XIV are listed the results obtained with 
seven elements in various mixtures. 
The oopper mixtures gave the best results of the 
materials tested. 
Organic areenite, fluorine and barixira were 
moderately toxic. 
Oetyl arsenite, (Item 3» Table XIV) was more toxio 
than any of the arsines tested. 
Inorganic arsenic and fluorine had very little 
toxicity when mixed with oil. 
Oarbon disulfide gave a negative percentage of 
control. 
Table XIV 
TOXICITY TG GODimG MGTH LARV/iE OF UNmJLSlFIEB miTE OIL 
IHPHEGHAT3D »ITK G0PP3R, BARIUM, THALLIUM, SODIUM, 
ARSEEIG, FLUORIxIS /iHD SULFHUH GOilPOOllDS AHD 
METALLIC /kRSSKIC 
StemfiMaterial Added to 
^'o. 1 Wkite Oil 
iijsouiit 
Added 
IKo. Larvae§Average 
1 Used § Stings 
$ 
Der AoDle 
ISntries 
[Percentage of 
[aontrol of 
1 Satries 
1 i ICo'Dper oleate 2^ 150 j 0.27 l,g 59 I j 
2.. i GoDper cyanide 2$> 60 1 0.0 l.g 59 
J Cetvl axsenite 1^ 20 0.0 2.5 1^ 3 
k Fluorobenzene 2^ 30 0.0 2.7 39 
5 Barium stearate 1^ ^0 0.0 2.7 59 
6 
Copper oleate 
(Ezcfiss acid) 60 o.g 2.g 36 
7 
Stearic acid 
Arsenious oxide # 1% 60 0-5 3.0 32 
g Copoer sulfocyanide 50 0.0 , 5 - 0  ,  32 
9 Barixim oleate 1^ 50 0.0 3.2 27 
10 
Lamp blaclc 
Sodiujsi arsenite Vk 30 0.0 25 
11 Benzvl arsenic acid 2^ 30 0.0 !> *3 25 
12 Tballous ffialonate 
I 
^ i 60 0.33 3.3 25 
1^  Sodium cvanide 50 0.20 3.if 23 
. 
Coi3i3er oleate 5^  no 
1 
o.lg i 3.5 20 
Sodium s\ilfocvanate 1^ 60 0.0 1 3.7 l6 
16 
SodiuiB-ortho-phenyl-
phenYlate 2^ 60 0.67 1 3.7 l6 
17 Hydro-fluoride 2^ 60 0.5 1 5-7 16 

a.w 
11 
1 
Benzvl arsenic acid 
Art" 1 —/s: 1 =^5.:= 
1 30 1 0.0 
,< ^ irf-. 1 
3.3 25 
12 ThaJ-lous raalonate 
1 ! 
24 1 60 1 3.3 25 
i? Sodiiiai cyanide 1 50 0.20 3.ii- 23 
lil- Copper oleate 5^  1 110 O.lS 3.5 1 20 
1*? Sodiuai sulfocyanate 2S 6o 
1 
o
 b 
j 1 
•
 
It 
l6 
SodiTaia-ortho-plienyl— 
•phenylate 2% 60 0.67 3.7 16 
3-7 Hy c5xo-f luor ide 2% 60 0.5 3.7 16 
ig Tr i—TDhenyl-ar sine 1?S 110 0.0 3.9 11 
19 
1 part lamp black 
B narts arsenious oxide 30 0.33 '^1 2 
20 White Oil- Control Hone 1300 
1 
0.19 1 M-A 0 . 
21 Cetrl fluoride 2^  30 0 .0 j 5.0 - Ikr 
22 
Lamp black 
Sodium fluoride 
2% 
1^  30 0.25 1 5.0 - 1^ 1-
2"^  Carbon disulfide 2^  30 
1 
0,0 i 5.0 
-14- j 
SH- Arsenious oxide 1^  60 
1 
0.17 i 5.2 - IS 
25 Metallic arsenic" 1^  = 60 
1 
0.0 i 5-5 - 25 i 
SUMMARY 
•It eat So. of 
So. §Mixtures 
§Tested 
1 5Percentage 
iMatexials Tested $of Material' 
1 0 Added 
(Ho. 
[Larvae 
(Ave. O-lverage 
)Ent.perOPercentage of 
lApole 0Control 
• 1 1 
1 5 Conner mstutres 2-5 440 2.6 j 4l 
— ) 
2 i 2 Barium jaixtures 1 iSO 2.9 34 J — 
I 
3 1 S iirsenic mixtures i 1-2.5 400 3.9 11 
k i 4 
1 
Fluorine mixtures ! 2 l40 4.1 1 7 
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In Table XV are lleted the plant extract and 
related oompounds that were tested. 
Nicotine, pyrethrum and rotenone were toxio in the 
order listed. Nicotine wae much superior to the otheie. 
Red pepper extract was non-toxic, (item 17, Table 
XV). 
Piperine, (item 10, Table XV) showed moderate 
toxicity. 
Pyridine, (item 15, Table XV) showed no toxicity. 
T^le SV 
TOXICITY TO OODLISfG MOTH LAHVAS OP miSMULSlFISD FffilTS OIL 
IBIPHEGMTED \vITH PLANT EXTRilOTS, PIPERIKS AID 
PYHIDI24S MIXTURES 
j;te2i5Materi&l Added, to SAiaount yJiO.LarffaejAveraee laer kn-Qle 
^o. f ^^liite Oil VAdded y Used yStinsrs ^Entries 
1 i 5 0 § 5 
fPercentage of 
1 Control of 
1 Entries 
1 i 
I 1 Whits Oil satTorated 
1 witlj tannic acid 
t jWhite oil containing 
1 i1^ nicotine 
50^ 
50% 30 , 0.0 
I 
0.0' 100 
1 ^ 1 t i 
Whits oil satuxated 
with tannic acid 
White Oil saturated 
with nicotine 
30p 
io 0.0 0,0 100 
i 
I 
1 1 Micotijie sulfate •2^ ISO 0.0 0.0 100 
1 ^ Hicotine sulfate IS 210 0.0 0.2 96 
5 
White oil containing 
l'& nicotine 
White oil saturated 
with soulac 
50^b 
50^ 20 0.0 0.5 B9 
6 
White oil containing 
1^ nicotine 60^ 30 0.0 0.7 SI 
7 
White oil sattirated 
isith nicotine 30 0.0 1.0 7B 
B Ground Pyrethrus 12^. 30 0.0 2.0 55 
Hicotine sulfate 150 0.0 2.1 52 
10 Pioexine 2^ 60 1 0.5 2.5 43 
t 
11 Rotenone 1^ 
) 
30 1 0.0 3.0 
12 1 
w.0.(50-55 Vis.) i ^ 
Ghlorofarm } 10% 
Rotenone • =0.074^ 
j 
60 0.17 3.2 27 
1? 
Ohloroforia 5 10|i 
Rotenone |0.074^ 50 0.6 2? 

5 1^ nicotins | 
white oil saturated 1 
i^ ith. eroulac 1 5^0^  20 0.0 0.5 69 
6 
White oil containing 
1^ nicotine 60^  ^ 10 0.0 0.7 ^3 
7 
White oil saturated 
with nicotine 30 0.0 1.0 7a 
s Ground PYrethrua 12^. 30 0.0 2.0 55 
9 Mcotine sulfate 0.4^ 1^ 50 0.0 2.1 52 
o
 
H Pioerine 2^ 60 i o.s 2.5 43 
i 
11 
• 
Rotenone i 1% 
] 
30 1 0.0 3.0 IS 
;w,0.(50-55 Vis.) 1 ^ 
12 1Ohlorofoxm ! 10% 
Rotenone . 10.074^ 
J » 
1 
60 1 0.17 3.2 21 
1? 
ChloroforiH | 10^ 
Rot en one {0.07454 
i 1 1 i 
vx
> 
1 
•
 
O
 
o
 
LT
i 
3.^ 23 
CfhloTotorm 1 lOf^ 1 1 60 1 0.33 4.3 •2 
Prridine j 2% 1 60 5 0.17 4.3 2 
16 1 i 1 1 , , White Oil- Control i None f 1"^00 |  0.19 4.4 0 
17 
I I 1 J Red Peeper 1 25"^  5 30 <! 0.0 ' 4.7 
-7 ' 
smaiAHY 
;lteia! 
iSo. ! 
1 
|2^ "o. of 
tMiztures 
iTested 
\ ^
Materials Tested 
^Percentage |Ho. {Ave. | 
lof Material?LarvaeISnt.perl 
1 Added $ § APTsie 
[Average 
Percentage 
of Control f 
16 Plant Extracts. 
Pipeline and 
Pyridine Mixtures j 
1-25 
j 
1060 j 2.0 
1 
55 
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In Table XVI are listed all the mixtures that were 
UGed which contained the benzene ring. 
Methyl salicylate, (Item 1, Table XVI) gave the 
highest percentage of control of any of 66 mixturen tested 
that contained the Tjenssene ring, 
Hydipoxyl or methyl or both radicals or iodine 
combined vfith the benzene ring, in general, improved the 
kill. 
Bromine, Chlorine, amino or nitro groups combined 
with the benzene ring in general did not increase the 
toxicity in the mixtures tested. 
Tal>le XVI 
TOXICITY TO CODLIHG ItOTE LAIOT^S 0? UHSiiULSIFI^D y^ITE OIL 
IMPHEGHATED WITH GOMPOUHDS COSTAIMIUG THE BEMZEMS RIUG 
ItemjMaterial Added to ^AaouatIrio.Larvae!}Average per AiPPlef?erceatage of 
Eo, 5 Wiiite Oil § Added 0 Used § Stings § Entries | Control of 
I ^f ^ § I Entries 
1 iMethyl salicylate i 30 0.0 1 1.3 i 71 
2 jFara-di-brorao-benzeae 20-% 30 0.0 1 1.7 
' • •• — 
6l 
"5 Meta-di-nitro-benzene 2^ 90 
: 
0.0 1 2.2 50 
^ jpara-cliloro-aniline 2^ 30 
! 
0.0 1 2.3 
B 1Xylene 2^ 60 
i 
0.0 1 2.3 
1 ?^a-ni t r o-i odo-
6 ibenzene 2^ 30 0.33 I 2.3 i 
3-5 Bi-brojao-ortho-
7 ibensene 1^ 30 
! 
0.67 1 2.1 j 
S 
|3-5 Di-bromo-ortho-
cresol 70 
1 
0.0 1 .2.1 its 1 
9 Piperine Ojt? 
i 1 
60 f o.so i 2.B ^3 
10 
3-5 Di-broffio-ortho-
cresol 2^ 120 1 0.17 1 2.5 ii-3 
11 Toluene i 2^ ! 1 60 1 0.17 I 2.5 i^3 
12 
Ortho-di-cliloro- | 
benzene 1 2^ ^0 
] 
O.llir i 2.6 il-1 
1^ 
J  ^
Qrtbo-toluidine i 2^i 50 
1 
O.iK) \ 2.6 i|-l 
Ik Thvsol 1 2^ 50 
i 
0.2 1 2.6 4l 
1"} 
2-4 Dicliloro-6-plienyl | 
chenol 1 2^3 30 0.0 i 2.7 39 
l6 
! 
Aniline 1 2^ 60 0.17 f 2.7 39 
3-7 
f I 
Flaoro-beozene i 2^ 30 0.0 1 2.7 19 
3^ 
PaSs-di^iodo- i 
beiizeiie i 1QS> •?o 
I 
0.0 { 2.7 19 
19 
X-2-4—5 Tetra-ohloro- | 
benzene 1 1^ 
i 
60 0.17 j 2.S 

u? Fluoro-benzene ] ^fo •5U ! u .w \ t-. » J J J ! 
1^ 
Para-<ii-iodo- - j 
benzene 110^ •TO 1 0.0 
: 
2.7 39 
|19 1-2-4—5 Tetra-ciiioro- ( benzene 1 1^ 60 
1 
0.17 2.S 36 1, 
20 
2-5 Bl-cliloro- f 
aniline 1 60 0.17 2.g 36 
21 
Para-iiitro-cliloxo— i 
benzene < 2^ 60 0.0 2.g 36 
22 
Ortho-nitro-cliloro- | 
benzene i 2^ 60 
i 
0.0 I 3.0 32 
23 
Para-di~bTomo- | 
benzene 1 60 
J 
0.17 \ 3.2 27 
2l|- j Benzene ! ^ 1 f 60 1 0.5 1 3.2 27 
25^ 
{ 
Bensvl arsenic acid 1 ^ i 30 
i 
0.0 i 3.2 27 
1 
26 
Ortbo-di-cliloro- i ^ | 
benzene i 2fo 1 60 
L 
0.0 1 3.3 2^ 
27 
1-2-4—5 Tetra-chloro- | { 
benzene !• 1^ f 60 
I 
0.0 1 3.5 20 
1 1 Ortho-phenyl-pbenol l 2^ i 120 
1 
o
 
• 0
 
• 01
 20 
29 
; » 
Meta-di-cbloro-benzene 1 1^ ! 60 ! 
t 
0.67 1 3.5 20 
30 
! 1 [ . f 
Tri-nitxo-resorcinol ! 1% ? 60 i 0.0 j 3.5 20 
31 
1 -
Phenol 12-^ i 60 | 0.33 i 3.5 20 
. f ^ j 1 
Di-nitro-nbenol 1 14 1 6o 1 0.0 1 3.7 l6 
33 
; I • < "1 1 
i 1 j j j 
Paxadichlorobensene 1 20^ I 30 j 0.0 \ 3.7 16 1 
II j j 
Paradiehlorobenzene ! 10^ ) 30 1 0.0 i 3.7 16 i 
Sodiiua-ortho-plienyl- ] , 1 | \ 
"DheiiYlate • 25{> ! -60 i Q.67 i 3.7 1 
•^6 
Pbenyl-iso-tbio- -J t \ . 1 
cvanate i 1^ 1 60 1 0.0 | 3.S 14 1 
37 
i • 1 ! ' Tri-Pbenvl—arsine 1^$ I 110 i 0.0 » 3»9 ( ! 11 
3g 
? 1 i 1 1 ! 
Grtho-cresol ; 2^ j * 0-33 ^.O j 9 ] 
39 
Di-citloro-nitro- j i j | | \ 
benzene I If^ 1 50 \ 0.40 1 4.0 1 9 | 
40 
i 1 : 1 1 ! 
Paradicblorobenzene i i 60 1 0.0 • 4.0 ! 9 
JS ^ { • 

OCZlZdiS s A.;aS i I v » -r • 1 ^ 
40 1 . i . Paradiclilorob e n z e n e  1 1 %  1  5 0  
i l l  
f 0.0 ! 4.0 ! 9 
Hi 
P^sTS'-paya-diGGloi'G-
'Si^beaol , So O.^iO 4,0 i 9 
42 
2-Gbloro-6-p]ierryl 
TDhenol H 90 0.56 4.1 1 7 
3-5 Bi-nitro-ortho-
cresol 1^ 60 0.0 4.2 1 5 
m 
X-.2-4 Tri-ciiloro-
benzens i4 60 0.0 4.3 i 2 
Ortho-cyclo-hexyl-
i3lieBOi 30 0.0 4.3 2 
46 Hitro-benzsne 2% 30 0.0 1 4.3 2 
47 
Sodius-chloro-ortbo-
C5'Clo-iiexyl t}hsna.te 2& 90 
! 
6.11 i 4.3 2 
1 Phenyl—alpha-
4S 1 aarjbthvlaiaiTie 1^ 6o 
t 
0.17 ' 4.3 2 
49 
Diisetiiyl amino-beijifyl 
aldehvde 2^  ^ 30 0.67 1 4.3 
I 
2 
. Oxtlao--DlienTl-Dlienol 10^4 30 0.0 1 4.3 2 
m i White Oil- Control Kone 1300 0.19 4.4 0 
^2 Phenacyl crJLoride 2^ 40 
i 
0.5 1 4.5 -2 
; 5-5 
Tetra-cbloro-
beuzene 
i 
i 60 0.17 4.7 -7 
1^4 
Di-pbenyl—siSino-
sJk sins . 2^  ^ 30 OiO 4.7 -7 
1~3-^ Tri-nitxo-
bsnsene 60 0.0 4.g -9 
'?6 Cumidine 2^ 40 0.0 4.S -9 
^7 2-4 Di-cnloro-'obenol 1^ 60 0.17 1 4.g -9 
Paxa-nitro-aniline l7» 50 
i 
0.0 5.0 -14 
.59 
Beta-ciiloro-ethyl—para-
toluene sulfonate 6o 0.4-g 5.0 -l4 
60 Para-di-iodo-benzene 1-^  40 1 0.25 5.0 -l4 
6l 
White Oil Satiirated 
^ith tannic acid Sat. 
1 
30 i 0.0 5.2 -ig 
62 
2-4 Bi-nitro—ciiloro-
benzens li 60 \ 0.17 5.2 -IS 
-
2-1-4 ci-nitro-broffio- i 5 - w_ 

56 { OmDidine 2f^  \ iiO \ 0.0 f ii-.B -9 
57 1 2-4 Di-chloro-p"heiiol 
1 
0
 
1 j 
H 0.17 1 k.B -9 
5^ Par a-nit ro-ani 1 ine 1 50 0.0 
i 
5.0 -l4 
Beta-ciilor o-et hyl-pars— 
toluene sulfonate 1^ 60 5.0 -l4 
60 Para-di-iodo-benzene i1> ho 0.25 5.0 -l4 
61 
White Oil Saturated 
iritli tannic acid Sat- 30 0.0 
_3.2. . 
5.2 
-IS 
62 
2-4 Di-nitro-cJiloro-
"bensene 1% 60 0.17 -Ig 
2^ Bi-nitro-brom^ 
bensane 50 0.40 5.4 -23 
a Brosc-benzo-nitrile l<i • 60 0.33 5.7 -30 
1 
Fai'a—nitro-bro2ro-
benzene 2«£ 60 
7 1 
0.17 ! -32 
I 
66 
! 
Para-toluidsne i 
. 
{ 1 
30 1 0.0 1 6.3 —43 
SUMMARY 
pLtem 
po. 
SSo. of 
§Mixtures 
[Tested 
) QPercentage OHo. 
^Materials Tested Oof t^terialOLaX'S^ae 
1 § Added 5 
^Ave. 8Average jEnt.pertPercentage of 
lAnple ^Control 
1 Ilydroxyl or laethyl 
groups or both coiSi-
bined with bengene 
rins: 2-10 530 
•1 i 
1 1 
3.2 i 27 1 
2 3 
Iodine cosibined 
^?ith benzene ring: 1-10 100 3.3 \ 25 j 
3 g 
Broiaine combined 
with benzene rine 1-20 4S0 3.6 Ig 1 
4 66 
Benzene ring 
aiztures 1-20 3530 
i 
3.6 1 ig 1 
5 23 
Chlor iae e oisb ine d 
^ith benzene rine: 1-20 1300 1 ! 3.9 i 11 i 
!""r' ' ' 10 
Amino group .-eQM)in-^^ 
ed vrlth "bensene rin;j: 1-2' 
-I-. : - - \ 
4.0 1 9 i ! 
7 10 
iiitro group eoabined 
^ith bensene rine 1-2 720 1 ! 4.1 I 7 1 
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In Table XVII are listed the mixtures tiKit \7ere 
tested thcit contained the naphthalene ring, 
1-3-^ Tri-nitro-naphthsilene, (Item 1, Table XVII) 
gave tue beet control« 
Nitxo groups and iodine inoreaaed the toxicity of 
naphthalene in the compounds tested. Chlorine did not in 
general increase the toxicity. Amino groups except in alpha~ 
naphthylaniine and bromine decreased the toxicity of 
naphthalene in the mixtures tested. 
Table XVII 
TOXICITY TO GODLISG MOTH LARYAS OF UiSyULSIFISD VffllTE OIL 
IMPRSGSAT2D WITH G0MP0UHD3 OOIITAINI3Q TiiE • SAPKTHALSNS 
GROUP 
Item 
Bo. 
^Material Added to $AiB0Tinti|H0.Laxvse 
White Oil lAdded $ Used 
! 8 i 
lAverasre 
1Stlugs 
oer Apple0Percentage of 
}Entries 6Control of 
i 5 Entries 
1 1-3-S Txi-nitxo-
saphthftlene li> 
' 
30 0.33 1.3 71 
2 Haplitlialeae lOfi 30 0.0 1.7 6l 
AlTDlia naphtbylaisine 2^ 30 0.0 2.0 
Mr 
Bet a-iodo-naph-
tlialene 2^ 30 0.0 2.0 
Be t a-chloro-natJiithaleiie 60 0.33 2.3 
6 Beta—iodo—naphthalene 20^ 30 0.0 2.7 39 
7 Alpha—nitro-naphthalene 2^ 6o 0.33 2.g 36 
B Mono-chloro-naphthalene 2^ 60 0.17 3.0 32 
9 l-iiitro-2—naphthol 2^ 90 0.33 3.0 25 
10 Naphthalene 2^ 90 0.0 3.4 23 
n 
Tr i-hexa-chloro-
naphthalene 1^ 50 0.0 3.6 IS 
12 Bet a-bromo-naphthalene 60 0.33 4.0 9 r 
13 Beta naPhthol 1^ - 70 o.i4 4.0 
i 
9 i 
i4 Beta,—i odo—Jiapht halene l^ i 40 0.0 4.2 1 
phenyl-alpha-
naphthvlamine 1^  60 0.17 iU3 
i 
1 
2 1 
Beta-brosio-naphthaleae 20^ 
1 
•50 I 0.0 a 
3-7 
Di-nltxo-
naphthalene 1% 60 1 0.50 4.3 2 i 
Beta-chloro-
naphthalene 20^ 
1 
30 1 0.0 4.3 
{ 
2 1 

10 Hachthalene 2^ 90 0.0 1.4 21 
11 
Tri-hexa-chloro-
naplitlialene 1^ SO 0.0 1.6 IS 
12 Bet a-broao-napht lialene 2Pk 60 0.11 4.0 9 
l"? Beta naxJhthol . 1^» . 70 O.l^i- 4.0 
i 
9 i 
l4 Be ta—i odo-sapli t lialene 1^ iK) 0.0 4.2 
1 
5 1 
Plienyl-alplia-
naphthylamine 60 0.17 4.1 
1 i 
2 
l6 Bet a-lDXOjao-naxiiit haleae 204 30 0.0 4.1 2 
17 
Di-nitxo-
aaphtiialene 1% 6o 0.50 4.1 2 
1$ 
Beta-chloro— 
naphthalene 20^ 
o
 • 
o
 
1 1 1 i ! 
4.1 2 
19 White Oil- Control Hone 
1 
1100 I 0.19 4.4 0 
20 Di-bromo-naphthalene 
1 \ 
1% 1 60 1 0.17 4.5 -2 
21 Bromo-beta-naDhthol ^ 1 ^ 1 l4 1 60 ! 0.17 5.0 
! 
-14 j 
22 Be t a-naiDht hvlamine 2^ 
o
 • 
o
 
o
 ^.7 -10 1 
SUMMARY 
jlteaOHo. of 1 flPercentage 
Ho. yMixtuxesiMaterial Tested gof Material 
1Tested 1 0 Added 
5KO. {Ave. 
iLarvaeyEnt.per 
1 0 Apple 
1 Average 
[Percentage 
Sof Control 
1 4 Sitro groups conibin-
ed with naphthalene 1-2 240 2.9 14 
2 1 
Beta-iodo-
naphthalene 1-20 100 3.0 12 
1 j 4 
Chlorine coiabiiied 
with naphthalene 1-20 200 25 
4 21 
Haphthalene 
Mixtures 1-20 io6o 1.4 21 
Affiino groups coi^in-
ed with naphthalene 1-2 120 4.0 9 
6 1 4 
Broaine combined 
with naphthalene 1-20 210 4.4 0 1 
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In Table XVIII are listed the two anthracene 
mixtures that were tested. 
V/hen chlorine was combined with anthracene an 
increase in toxicity waa obeerved. The toxicity of both 
the anthracene mixtures was low. 
Table XVIII 
TOXICITY OF UHEmJLSIFISID WHITS OIL IMPRSGIUTED 
WITH MTHHACEHE TO CODLING MOTH LARVAE 
Item 
Jo. 1 
tetexial Added to ! 
i White Oil i 
J 
Amount jHo.Larvae! 
Added 0 Used i 
§ ( 
tAverage i 
1 Stings i 
3er ATJDleOPercentaare of 
Entries § Control of 
1 Entries 
1 9-10 Di-chloro-anthracene 1^ 50 0.0 
1 
3.6 j IS 
2 
1 
lifliite Oil- Control Hone 1300 0.19 H-A 0 
3 Anthracene l<f> 60 0.17 i!-.7 1 -7 
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In Table XIX are listed the cyanogen and thio-
cyanate oompounds that viere tested. 
Copper cyanide, (Item 1, Table XIX) gave the best 
control. 
Allyl-iao-thio-oyanate which is extremely 
irritating gave a fair degree of control. 
Most of the compounds tested were comparatively 
insoluble in the oil. 
Table XIX 
TOXICITY TO CODLIKC- MOTH LARVAE OF UHSMLSIFIED WHITE OIL 
I^RSGHATED WITH CYAHOGSH m) THIO-CYANATE COMPOUNDS 
Itea 
So. 
{Material Added to 
White Oil 
1 Amount [Added }So. Larvae 5 Used lAverasre 1 St ingrs 3er ApT>le Entries {Percentage of [Control of Entries 
1 CopDex cyanide 2^ 60 0.0 l.S 59 
2 
Allyl-iso-thio-
GTanate 1^ 6o 0.31 2.3 
Copper 
sulfoovanide 2^ So 0.0 3.0 32 
ij- Sodi^im cyanide 1^ 50 0.20 ZA 23 
Sodioa 
sulfocTanate 1^ 60 0.0 3.7 16 
6 
Phenyl—iso-thio— 
cyanate 16^ 60 0.0 3.g m-
7 Cyaaasiide 2^ 30 0.0 4-.3 2 
Ifhite Oil- Control Hone 1^00 0.19 0 
9 Cyanosen bromide 60 0.0 5.3 - 20 
10 
p-bromo-benzo-
nitrile 60 5.7 . , - ?0 
SDHMARY 
Item 
^0. 
!No. of I 
HiztisresyMaterial Tested 
Tested 0 
^Percentage §Ho. OAre. {Average 
1of Materials Larvaej Snt.per 8Percentage 
\ Added 5 §APT)le Oof Control 
1 9 j Cyanogen and 
Thiocyanate 
I Mixtures 
t 
.f .  .  .  _  _  . .  _  . . .  
1 i 1-2 500 I 3.6 j Ig 
1 1 i 
In Table XX are listed the aliphatic cjirbon 
mixtures that were tested. 
Copper oleate, (Item 1, Table XX) wis the moat 
toxic of the mixtures that contained aliphatic carbon groups. 
Menthol and cetyl alcohol, (Items 13 and 26, Table 
XX) which were the only hydrocarbons tested in this group, 
were ineffective. 
Talkie XX 
TOXICITY TO CGPLISG MOTE LARVAE OF UNSM0L3IFISD WHITS OIL 
BiPRSQJIATl^D WITH ALIPHATIC CARBOH OO^POOHDS 
iltemfMaterial Added to 
Ho. § White Oil 
1 g 
1Amount §Ho. LarraegAverage 
L^daed § Used pstings 
§ 0 
i^ er Apsle 
jEntries 
§ 
gPerttent^e 
$of Control of 
] Entries 
1 Couner oleate 2^% 1^50 1 0.27 59 
2 AllYl-i so-th io-cYsnat e 1% 60 
! 
G.lo 2.1 4g 
Getyl-arsenite 1^ 20 0.0 S.5. 41 
u Garbon-tetra-chloride 1-% 20 1.0 41 
1 
Barium stearate ^0 0.0 2.7 19 
{ 
6 Tetra-cbloro-ethylene 204 10 0.0 »*> ^.7 19 
1 7 
acid; 
Conoer oleate (Sxcess i  ^ 60 o.g 2,S 16 
1 g 
Stearic acid J  ^
Arssnious oxide | 1^ 60 o-,5 3.0 12 
9 
} 
Bariuffl oleate • i 1^ 50 0.0 3.2 27 
10 ThallottS isalonate 2^ 6o 0.31 . 1-3. 25 
11 
Laap "black 
SGditim arsenite 1^  10 0.0 1.1 25 
:i? CoDoer oleate 110 o.is 1.^ a) 
1"^  Menthol 2^h 50 0.2 1.6 IS 
14 Br omo-T5icr in oO 0.0 4.2 5 
-'1^^ Chloro-TSicrin 60 O.Sl 4.2 5 
16 
1 part lamp "black, 
5 Darts arsenious oxide *5^  10 0.11 , ^'3. 2 
17 Broso—foria  ^ 1^  . 60 0.11 ^'3 2 1—'—» 
—  J — ^  * 1  A  ^  n ei ! n-T7 4-1 2 

11 Sodium ax'senite 
1 H ^0 i 0.0 25 
12 CoDoer oleate 5S 110 O.IS ',.5 20 
l"5 Hentliol 2^ 50 0.2 3.6 IS 
l4 Br ojno-T> icr in 1-^ 50 0.0 if-.2 5 
Claloro-tiicxin .1 i 60 0.g3 ii-.2 o 
16 
1 part lamp black, 
5 Darts axsenious oxide , f I 10 0.^3 if.3 2 
17 Broso-foriE 1^ 1 6o 0.3^ i IJ..3 i 2 
IS Tetra-chloro-sthylene lA I So 0.17 
.  . r  ,  
^."5 2 
15 White Oil- Gontrol None i l-sOO 0.19 0 
20 Ghloro-acetone 1^ 60 0.0 ^.g -9 
21 
Lamp "blaofe 
Sodium flnoxide 1^ 1 20 0.25 5.0 -ll{. 
22 Cetyl fluoride 2i '^0 0.0 5.0 -1^1- 1 
2? Gaxbon disulfide 2^ 0.0 5.0 .1  ^ I 
2i|- lodof orn 1^ HO 0.25 5.0 
2^ Gyanosren brosiide 1^ ! 60 ! 0.0 ! 5."^ -20 
26 Getvl alcoliol 2^ i 60 ! 0.17 1 5.5 
! 
-25 
SOSiJiAHf 
gltemUKo- of 
Ko. 0Mixtures 
fTested 
'Materials Tested 
• 
5Percentage 
iof Material 
f Added 
[No. SAxre. fi Average 
[Lariraeiiint .perlrcrcentags 
\ fAutJle 5 of Control 
Uhloxine fiiixtui-es 1-20 210 3.7 16 
2 25 
Aliphatic carbon 
adxtures 1-20 1290 3.g 1 
•? *5 Bromine mixtixpes 1 170 iJ-.6 1 -5 
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In Table XXI are linted the results of the teats 
of mixtures containing the hydroxyl group. 
Methyl salicylate, (Item 1, Table XXI) gave the 
highest percentage of control in thin series of teats* 
Bromine combined with the hydroxyl group showed 
the highest toxicity of any group of mixtures in this table. 
This is the only combination of bromine that showed any 
appreciable toxicity. This is probably due to the toxicity 
of 3""5 di-brorao-ortho-cxesol v/hich was the most toxic 
bromine compound tested. 
JNitro groups and chlorine combined \vith the 
hydroxyl group did not show significant toxicity in the 
Gompounds tested* 
Table XXI 
TOXICITY TO CODLIHG MOTH LARVAE OF UIJSMULSIFISD WHITE OIL 
IMPRSGHATSD WITH C0MP0UIID3 CQHTAlfUKG THE HYDROXYL GROUP 
itemfMaterial Added to OAaount 5Ko. LarvaeOAveras:e per ADule 
ifc. y White Oil {Added 5 Ueed jstings jSntries 
$ 5 5 5 § 
tPercentage 
Jof Control of 
\ Entries 1 i 
1 I Methyl salicylate ! 2^  ^ ! 0^ 0.0 1.3 71 
2 
3-5 Bi-brG2io-ortiio~ 
cresol 1% 1 30 0.67 2.3 
3-5 Qi-broso-ortho-
cresol 5^ 
1 • • - • 
70 0.0 2.3 
3--5 Ci-brosso-ortlio-
cresol 2^ 120 0.17 2.5 43 
Thyjsiol 2^ 60 0.2 2.6 4l I 
6 
2-4 Bi-cliloro-6-phenyl 
T>heaol Z$ 30 0.0 2.7 39 
7 l-Hitro-2-lfaplitliol 90 0.33 3.3 25 
s Or tho-plie aol-phenol 120 0.0 3.4 23 
9 Phenol 2$ 60 0.33 3.5 20 
10 
-
Tri-nitro-resorcinol 1^ 60 0.0 3.5 20 
...j . . .  
11 Menthol 2^ 50 0.2 3.6 IS 
12 iDi-nitro-plienol 1^ 60 
1 
0.0 i 3.7 l6 
?ara-para-dicblor0-
di—'Ghenol 1^ 60 I 0.f5 4.0 9 
lli- C£tho-exesoX_ 
> 
. 2^  I 60 0 .33  ij.c i 9 
2-^ Beta Haohthol 
I 
1< 1 70 O.lij-
1  
J^.o : 9 i 
16 
E-Chi or o-6-pheiayl-
•Dhenol i 
C 
2$ 1 90 0.56 1 1 14-.1 i 7 1 
17 
3~5 Di-nitro-ortho- i | 
cresol \ 1'^  i 60 0.0 
\ 1 
i 5 ! 
13 
Ortho-cyclo-hexyl" ? ^ 1 
phenol j 2$» i 30 0.0 4.1 i 2 ! 
; \ 

11 Menthol 2% 1 50 O.'d i  3 .b j IS 
12 Di-ni t ro-piie aol 1^ 1 60 0.0 
. .T ! 16 
Paxa-para-dicbloro-
di—•Dlaenol 1^ 
{ 
! 60 0«5 
1 
i  k.o 1 9 
111. . 2^ 
i I i 60 0,33 
I 
j ^i-.O i 9 
Beta Hanbthol 1^ 
? 
i 70 O.llJ- 1 If.O i 9 t 
16 
2--Chi Dxo-6-phenyl-
plieaol 2^ 
i 
1 90 0.56 ^.1 1 7 1 
17 
3—5 Si—nitro~ortho-
cresol i 1^ 
{ 
i 60 0.0 ii-.2 i 5 1 
IS 
Ortlio-cyclo-iiexyl- 1 
phenol ! 2^ 
f 
30 0.0 ^.3 i 2 ! 
i9 Ortho-chenvl-ohenol 10^  1 30 0.0 ^.3 
! i 
1 2 ^ 
20 White Oil- Control None 
» 3 1 
. 
1300 o.iq 1 0 i 
23. 
2-4 Di-chloro-
phenol Vfc 
1 i 
60 1 0.17 4.S i -9 1 
52 Br 0120-1)61 a-na-ofat hol ifi 
i 
60 { 0.17 
1 
•
 0 
1 j i 
1 -m- 1 
23_L OetyX alcpisol ^ , 2^ 
! 1 
60 ! 
: 
O r l l  ,  ^.5 i 1 : -2«7 1 
SUMMi\RY 
Uteai 
'So.  ^ 
(Ho. of 
ISirfcxires 
Tested 
f • 5Percentage 
iMaterials Tested Oof Material' 
{ Added ' 
!Ho. ilAve. 
t Larvae 0 Snt.per 
0 Apple 
[Average 
[Percentage 
iof Control 
J ! 
j l  ii- Hydroxyl bromine 
isixtxires 1-5 
} j 
2S0 1 3.0 32 
h 
9 
Hydroxyl aromatic 
mixturss 1-10 1^50 3.3 25 
1 ^ 22 ! Hydroxyl mixtures 1-10 1350 3 .5  20 
r"' -
i  k-
jHydroxyl nitro-
h i mixture s 1-2 270 3.7 16 
i ^ !Hydroxyl chlorine ij- 1 mixtures 1-2 2hO 3.9 11 
Is 
i Hydroxyl aliphutic | 
2 !mixtures \ 2 110 ^.5 •2 
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In Table XXII oomparieon of the toxicity of bromine, 
chlorine and iodine, both free and combined, is drawn. 
Section 1 suaunarizes the results obtained v;ith bromine and 3 
compounds containing bromine. Section 2 summarizeB the 
results obtained with chlorine in the same compounds as viere 
used in Section 1 but with chlorine substituted for bromine. 
Section 3 summarizes the reaults obtained with iodine and 
the same three compounds except that iodine was bubstituted 
for bromine. 
Additional oomparieone: Items y, {S and 9» Table 
XXII give some further comparisons of these compounds but the 
iodine oompounde were not available in Items g and 9 and in 
Item 7 an excessive amount of chloroform was added. 
The data summarized in Table XXII shov; that of the 
compounds tested and in the elemental form when used with White 
Oil, iodine ie the most toxio of these three halogens to 
codling moth larvae. Chlorine gave fewer entries per apple 
than bromine. 
Bromoform, chloroform and iodoform, (Item 7> Table 
XXII) show a marked lack of toxicity to codling moth larvae 
24 hours after they were applied to the apples. 
Table XXII 
A GOIIFARISOH 0? TBS TOXICITY TO CODLIKS MOTH L/iRVAE 
OF BROMINE, CHLORIITS AMD lODIIIJS HIXSD 1VITH 
mmiUhSlTlED WHITS GIL 
jltejBS 
iHo. fiCoiapoiind Tested* 
Bectioa 1 Section 2 sectloa 1 
0 BROMIHl 0 OBLORIHBI } lOOlHS 
5Anit.OSilt»per ?4mt.§Ent-per per 
SUsedO Aprle ^Used^ Apple Qusedf ApcXe 
{ 
i 1 
i 
1 Bromine i I'i. j K.2 j 2$ ifs 1 2.6 
i 
1 2 1 Beta—broffio-naphtiialene 
J 
1 2^ 
!' 
1 i}-.0 2^  2.3 2ffi 
i 
2 .0 
! ? 
t 
i Beta-'broffiO-naBhthalene ro 19
 i}-.i 20^  ^ 4-.3 2.7 1 
r k 
1 
1Para-nitro-broso~benzene 
1 
! 
! 2^ 1 2,B 2.3 
i  ^
1 1Para-di-bromo-benzene 
! 
! 1% 3.2 iffl ! h,Q £5.0 
1 6 
I I 
i Paxa-di-broiso-benzene 
! 
'eo^ 1.7 20^  1 3.7 10^  2.7 
< J ; J 1 • V. ! 1 1 3-5 ' 2.9 
1 
1 
i KO 
ro 
I 
^ Chlorine and Iodine are substituted for 
Bromine in Sections 2 and 3-
Additional Ooinparisons 
1 { 
7 1 Brouio-f orm 1^ ^ i{..3 ! 10^ 4.3 If 5.0 
g j Bromo-oierin i|-.2 
I 
• 
ii-.2 
12-J}. ci-nitro-bromo-benzene 
i 
1% i 5.i|- I 1% 5.2 
10 
! 
'White Oil- Control 
\ 
[ 
^.^4- 1 \ \ ; 
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Table XXIIl is a suiamary of the a.verage percentage 
of control of entries obtained in eaoh of the groups of 
compounds inveratigated. The number of compounds making up 
theee groups wae limited {'d to 66 mixtures were used), but in 
general the ranking of the groups indicates the varying 
toxicity to codling moth larvae of these compounds when they 
were mixed with unemulsified White Oil. 
Nicotine, one of the plant extract group, (Item 1, 
Table XXIII) was the most effective of the materials studied. 
Copper mixtures, (Item 2, Table XXIII) showed 
marked toxicity to codling moth larvae. None of the mixtures 
that contained copper showed less than 20 per cent control of 
entries. 
The two barium mixtures, (Item 3> Table XXIII) 
possessed marked toxicity at 1 per cent concentration. 
Nitro~naphthalene (Item Table XXIII) possessed 
marked toxicity. 
Iodine mixtures (Item iS, Table XXIII) ranked 11 
per cent above chlorine mixtures (item IS, Table XXIII), and 
chlorine mixtures ranked 7 cent more effective than 
bromine mixtures. Iodine, para-ohloro-aniline and beta-
chloro-naphthalene at 2 per cent and di-bromo-ortho-
oresol at 1 per* cent were the mixtures containing these 
three elements that gave the beet control at concentrations 
-9^1-
of 2 per cent or less. 
Naphthalene luixturea (Item 12, Table XXIII) ranked 
slightly above benzene fixtures (Item l6, Table XXIII), and 
l6 per cent above anthracene Kiixtures (Item 31, Table XXIII). 
The addition of iodine to naphthalene (Item 5, 
Table XXIII) increased its effectiveness over the average of 
all naphthalene mixtures (Item 12, Table XXIII). Chlorine 
combined with naphthalene (item 10, Table XXIII) shows a 
slight improvement. Bromo-naphthalene mixtures (item 33, 
Table XXIII) markedly decreased the toxicity below the 
average of all the naphthalene mixtures. 
Aromatic compound mixtures (item 13, Table XXIIl) 
were more toxic than aliphatic compound mixtures (Item 22, 
Table XXIII), 
Cyanogen and thio-oyanate mixtures (Item 15, Table 
XXIII) showed only slight toxicity. 
Amino mixtures were of a low order of toxicity as 
a group but a-naphthylamine possessed jaarked toxicity. 
Of the 36 groups of mixtures inventigatod 32 
possessed some toxicity to codling moth larvae. All the groups 
giving a negative percentage of control were mixtures that 
contained aliphatic carbon structure. 
T^le XXIII 
UHEMULSIFIED IMPRSGNATSD ?/HITg OIL A3 A L/vRVICIIJS 
FOR CODLISG MOTH 
Itemt 
^o» |Tat)l€ Uo. 
§No.of 8 dPercent-
OMixlruresf^terial Added Oage of 
1 8 §Materials 
f $ $ Added 
5 No. ilAve. 
Larvae ^  Snt.per 
[Used 0Apple 
§ 5 • 
{Ave.Per-
1ceatage 
yof Control 
fof Sntries 
1 fx? 1 j l6 1 Plant Estxaets i 1-25 1060 2.0 55 
2 XI? 5 Copper' Mixtures 2-15 ¥iO 2.6 ^1 
! 
XIV 1 2 Bariua Salts 1 80 2.9 .3i^ 
i|. mi 4 11 itx o-¥aphtiial ene s 1-2 240 2.9 3^}- : 
X9"II 1 3 Beta-iodo-napiitaalene 1-20 100 3.0 32 
6 XXI if- Hvdrosyl Brosiaes 1-5 2S0 3.0 32 
7 S7I 10 
Kydroxyl or jsethyl de­
rivatives of "benzene 2-10 530 3.2 27 
g X 9 Iodine Mixtures 1-2 320 3.2 27 
9 x\ri 3 lodo—Benzenes 1-10 100 3.3 25 
10 xm 4 
! 
Ohloro-Haplitlialenes | 1-20 200 3.3 25 i 
11 XXI -9 
i 
Hydroxy! Axoisatics 1 1-10 11.50 3.3 25 
12 XVII 21 
1 
naphthalenes f 1-20 1060 3.^1- 2^ 
13 VIII 15 Arosatic Qarbon GompouBds 1-10 340 3.5 20 
li^ XXI 23 Hydroxyl Coispoimds I 1-10 1350 3.5 20 
XIX 9 Cvanosen & TMo-Gvanatesi 1-2 500 3.6 IS 
16 XVI 66 
Benzene Beriva- | 
tives ! 1-20 3530 3.6 IS 1 
17 1 i XVI 1 6 
1 ! 
Broiao-Benzenes 1 1—20 
i 
ij-SO 3.6 
'1 
IB j 
I 

J .t "ir -J ' j ' — r ^ ^ 
IB Ixix 1 9 ICYano^en & Tliio-OYa.natesl 1-2 500 ..5 IS 1 
1 { 1 Benzene Deriva— '( 
1 l6 ISVI 1 66 Itives I 1-20 3510 1.6 
i 
IS 1 
17 ix¥I S I Bromo-Benzenes i 1--20 ^SO 1.6 
1 
IS i 
XII 
f i 
i Ciilorine Oosnaounds 1 1-20 1S30 1.7 
! 
16 i 
3-9 XXI k 
1 Kydro-zyl- 1 
;Kitro Mixtures 1 1-2 270 1.7 16 1 
20 XX S 
i Chloro-Aliphatic Carbon j 
! Comoounds i 1-20 210 3 - 1  
i 
16 i 
23- IX 
1 1 20 ! Hitro-COtSDOunds f 1-2 i 1110 
f 
22 XX 25 
Aliphatic ( i 
Carbon Gomooands I 1-20 \ 1290 l.g 
i 
IH- 1 
2^ XXI ij. 
Hydroxyl Chlorine 
Comtjounds 1-2 1 2i^ 1.9 11 
I ! i 
2li. XIV g Arsenicals 1-2. i}-00 ... 11 
t 
i 
2*? XIII 12 
i 
i 
Amino CoEtDOxinds 1 1-2 i^go 1.9 i 11 
26 xiri 21 
i 
Chloro-Ben2eiies ! 1-20 1100 1.9 11 
2? XI 16 
{ 
Broaine Compounds 1 1-20 910 4.0 9 
2g X7II 1 ! ^ino-NaDhtii&lenes 1-2 120 ii-.O 9 
29 XVI 10- Amino-Ben zenes 1-2 Hho ii-.O 9 
^0 XVI 10 xJitro-Benzenes 1-2 720 ij-.l i 7 1 
?2. XVIII p iinthracenes 1 110 i^.l 1 7 
^2 XIV 
i 1 •' 4 Elnssi^e Coiapoiinds i 2 liW 
i 
ii-.l !' 7 
"5? XVII 
1 i Brojso-Kauhthaienes ! 1-20 1 210 o 4 
1 i j Ivliite Oil— Control j 1100 ! 0 ; 
VIII 
i Aiipnatic Carbon j 
2 1 Cojapounds 1 2 110 1. j 1 ro 1 
XXI 
i Hydroxyl Aliphatic j 
2 i Carbon Coiapounds I 2 110 
1 ii 
1 -2 f 
"57 XX i 
1 Broiso-Aliphatic | 
1 1 ComDoimds 1 1 170 
! 1 
1^.6 1 -o 1 
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DI30USSI0N 
The unemulsified oil applied to the apples spread 
over the surface in a uniform filEa and did not collect in 
drops as it doetj when applied as summer oil emulsion. This 
spreading of the material into a thin film gave a oritioa,l 
test of the permanency of toxicity of the materials added to 
V 
the oil. Volatile materials would escape from this thin film 
in a short time. Chemically active substances which would 
comhine with the skin of the apple would have an ample period 
for most reactions to go to completion during the 2k- hours 
that elapsed "between the time the material was applied and when 
the larvae were placed on the apples. Oxidation "by 
atmospheric oxygen may have taken place in many instances. As 
the apples were stored in a greenhouse any compounds that would 
"be decomposed by light other than ultra violet light were 
probably destroyed before the larvae were placed on the apples. 
An apparent loss of toxicity may have resulted from some of the 
materials that were toxic in aqueous solution being enveloped 
in a film of oil which inhibited their toxic action. 
No doubt all these factors reduced or eliminated 
entirely the toxio action to codling moth larvae of many of the 
mixtures that were tested. Some of the materials probably 
would have been toxio had they been applied direotly to the 
-.97-
larvae. Howey;er, this ie one of the most Important points in 
the development of an inseotictde for the control of codling 
moth larvae. The material raiist be of such a nature that it 
will remain on the apples in a form toxic to the larvae, in 
spite of rain, sunlight, temperature changes, oxygen, carbon 
dioxide, nitrogen, or other gases that may be present in the 
atmosphere and any plant material that may reach the surface 
of the fruit or foliage. 
The rapid growth made by the apples during periods 
of codling moth activity makes it difficult to maintain a 
continuous film of insecticide covering the fruit. Therefore, 
the material should be sufficiently toxic to kill the larvae 
by contact or should be attractive so that the larvae will 
feed upon it before they begin to make an entry hole into the 
apple• 
The chemical structure and other constants of the 
materials used in these tests are given as a convenient means 
of describing them. The chemical description of materials is 
so comprehensive that it serves as a good foundation for any 
studies treating a large number of widely different materials. 
Viith this fact in mind the author selected chemical structure 
and other constants of a material usually given in chemical 
descriptions as a convenient ba.sis and starting point upon 
-9£}-
v/hich to build some knowledge of the toxic properties of 
various materlalts to codling moth larvao. The olasBifioation 
of materiala by their ohemioal reactions does not imply that 
any element or radical in a compound ic responsible by its 
ohemioal action for the toxicity possessed by the compound. 
The change in solubility, melting point, molecular structure, 
molecular orientation in any given medium, or any other change 
which an element or a radical may produce in a compound in 
addition to its chemical activity may result in an increase 
or decrease in toxioity. 
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SUMARY 
Over 100 cheiaioal couipoundB were mixed with V/hite 
Oil, a refined petroleum oil, and tested for their toxicity 
to nev/ly hatched codling moth larvae (Carpocapea pomonella 
Iiinne). 
Of the mixtures tested, nicotine, nicotine sxilfate, 
1-3-g tri-nitro-naphthalene, methyl salicylate, copper cyanide, 
copper oleate, a,-naphthylamine and iodine v;ere the most toxic 
at concentrations of 2 per cent or less in Yfhite Oil, Of 
these materials, nicotine and nicotine sulfate mixtures were 
the only ones that gave more than 71 cent control of 
entries. 
Thirty-six series of compounds were studied. Plant 
extract mixtures were the most toxio. I^icotine ms the most 
toxic material tested in this series. 
The copper mixtures tooted possessed marked 
toxicity to the larvae. Copper cyanide was the most toxic 
material. 
Barium, nitro-naphthalene tmd hydroxyl bromine 
mixtures and beta-iodo-naphthalene ranked next to copper 
mixtures in toxicity. Barium stearate was the most toxic 
barium compound tested. 3-5 Di-bromo-ortho-cresol was the 
most toxio at low concentrations of the bromine compounds* 
-100-
Iodine, chlorine and bromine and some of their 
derivatives ranked in the order lioted in toxicity to codling 
moth larvae in this series of teats. 
Derivatives of naphthalene and naphthalene mixtures 
7/ere slightly more toxic than derivatives of benaene and 
benzene mixtures in general. 
Anthracene and $"10 di-chloro-anthraoene were 
praotioally non-toxio to codling moth larvae. 
Aromatic compounds were more toxio than aliphatic 
compounds. 
Cetyl arsenite was more toxic than the arsines or 
inorganic arsenic mixtures that were tested. 
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